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FOREWORD

During the past decade the electronic computer hes played an ever increas-
ing role in Highway Engineering, especially in the field of Bridge Design. The
great motivation for this role was the National Interstate Highway Act passed in
1956. The impact of this new system of super highways with their complex inter-
changes created the need for a new approach in the design esnd construe¢tion of
highways. The high-speed electronic computer has proved to be the answer, par-
ticularly in the solution of bridge geometry.

Before the computer age, the geometry of a bridge was & major factor used
to determine the location and type of structure. The voluminous amount of com-
putations required for the geometric solution of curved bridges in transition
often mede it more feasible to use an otherwise uneconomical straight bridge.
Usually the time required for the geometric computations proved to be greater
than the time required for design. Today, the computer has assumed the geometric
burden-and much of the design also—and thereby freed the Engineer from these
time-consuming tasks. The Bridge Engineer, using the computer &s & design aid,
can devote more of his time to the economics and esthetics of design. This
time saving~including other areas of Highway Engineering-—not only has resulted
in more economical structures but, in & larger sense, it will make possible the
completion of the Interstate and other highway systems at an earlier date.

"The Geometric Solution of Highway Bridges" presented in this report is a
problem oriented computer progrem that can solve nearly all the geometric re-
quirements for the design, detailing, and construction of highway bridges. This
program is actually the third in a series of bridge geometry programs. The
first geometry progrem was written in 1957 for an IBM 650 computer using mechine
language. This program proved so successful that an effort was made immediately
to apply data processing to other areas of Bridge Engineering. The second ge-
ometry progrem, written in 1963, was & complete revision of the first progrem;
however, many improvements were incorporated into the new progrem. The IBEM
1620 computer was being used at that time, so the computer oriented Symbolic
Programming System language (SPS) was used. Now the program has been rewritten
in Fortran IV programming language. Again, the program has been made more ver-
satile with revisions and additional features. It is significant to note the
evolution of the programming language with each succeeding computer generation.
This, however, is not the ultimate geometry program. Although the pace at which
data processing has been applied to Highway Engineering hes exceeded the expec-
tations of a decade ago, the surface appears only to have been scratched.

- "The Geemetric. Solution of Highway Bridges" computer program is more com-
.monly referred to &s the "Skewed Bridge" program, primerily for the sake of
brevity. In fect, this is the name that is shown on the input data forms and
in the output date of the program.

This write-up is primarily a user's manual and does not include flow charts,
& program listing, nor a comprehensive report on the method of solution. How-
ever, the method of solution is discussed in general terms so that the user will
be able to get a general idea of the methed of selution used by the program.
Since a source deck can be obtained by request, a program listing can be ob-
. tained by listing or compiling the source deck. Also, since the program is
writter im Fortran IV programming language, and contains numerous comment
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cards that describe the program functions, the flow charts are not really
essential in order to understand the procedure of the program selution.

The reader is assumed to be familiar with the standard terminology of
Highway Engineering, and such terms as Station, Superelevation, Transition,
Survey line, Degree-of-Curvature, etc., will not be defined in this report.
It should be noted that the term "Mainline” as used in this report is synony-
mous with the survey line, and the term "Bent" is used to designate a sub-
structure unit, i.e., pier, abutment, etec.

This report, then, explains in detail the functions of the program and
how the program cen be effectively applied in order to solve the geometric
requirements of a highway bridge.

Glenn H. Sikes
Atlanta, Georgia
September 16, 1968
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DISCLAIMER

Although this program has been subjected to many
rigorous tests - all with excellent results - no warranty,
expressed or implied, is mede by The State Highway Depart-
ment of Georgia as to the accuracy and functioning of the
program, nor shall the fact of distribution constitute any
such werranty, and no responsibility is assumed by The State
Highway Department of Georgie in any connection therewith.
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I. PROGRAM ABSTRACT

TITLE: THE GEOMETRIC SOLUTION OF HIGHWAY BRIDGES

AUTHOR: Glenn H. Sikes
Highway Bridge Engineer

PURPOSE/DESCRIPTION: The purpose of this program is to solve the geometrics
that are required in the design, detailing and construction of highway bridges
and, thereby, releave the Engineer of this time-consuming task and, in addition,
remove the geometric limitations in the design of bridge structures. The
progrem solves the geometrics by intersecting a series of longitudinal lines,
that run basically parallel to the bridge, with a series of transverse lines
that lie basically across the bridge. The computed data (including the finished
grade elevation) at each intersection point is reported as the output data.

The longitudinal lines may be composed of beams, gutters, curbs, railings, etc.,
whereas the transverse lines can be bents, centerline bearings, diaphragms,
construction Jjoints, splice points, etc. The input data is entered on forms
provided for the Engineer.

METHOD OF SOLUTION: The bridge is oriented on & user-defined coordinate system
of X and Y axes. The longitudinal and transverse lines are set up in equation
form and intersected by computing the solutions of simultaneous equations. The
deta given in the output at the intersection points of the longitudinal and
transverse lines is computed using the basic concepts of analytic geometry.

RESTRICTIONS/RANGE: The bridge may be located in one, two or three combinations
of horizontal curves and tangents. The horizontal curves may be compound but
not reverse curves (work as two problems). The survey line cannot be & spiral
for the purpose of computing stations. Vertical alignment is limited to two
vertical curves with corresponding tangents. The surface of the bridge may be
level, superelevated (with one to six lanes in constant or transition super-
elevation), or parabolic. The maximum number of longitudinal lines is thirty,
and the maximum number of T-Lines is twenty per span with no limitation on the
number of spans.

PROGRAMMING IANGUAGE: The program is written in Basic Fortran IV programming
language primarily to obteain computer independency. The long form of floating-
point data representation is used for all arithmetical computations, thereby
insuring sufficient accuracy.

ADDITIONAL REMARKS: Core Storage requirements are approximately 58,000 posi-
tions (bytes). The processing time will very depending on the amount of input
data, with the average problem requiring epproximately one and one~half minutes
(IBM 360, Mod. 30). All input is from punched cards, and the output is listed
by the printer. . No other intermediate I/O devices are used.

DIRECT INQUIRIES TO: Russell L. Chapman, Jr.
State Highway Bridge Engineer
State Highway Department of Georgis
#2 Capitol Square
Atlanta, Georgia 30334
Telephone No. 688-5201, Ext. 371




II. DESCRIPTION OF PROGRAM

"The Geometric Solution of Highway Bridges" is a problem oriented computer
progrem that cen be used effectively to compute the geometric requirements for
the design, detailing and construction of highway bridges. Actually, the pro-
gram is not limited to highway bridges since the geometry of railroed and pedes-
trian bridges is easily solved by this program. The geometric solution of a
problem fundamentally consists of intersecting & series of longitudinal lines
that run basically parallel to the bridge, with a series of transverse lines
that run basieslly across the bridge. Actually, the transverse lines may be
series of points (centerline of bearings, etc.) located on the longitudinal
lines (beams, etc.) and do not necessarily have to lie on a straight line.

At the intersections of the longitudinal and trensverse lines, the program
computes the following types of data.

Stations

The station of each intersection point computed by the program is given
in the output data. In addition to the station, the output date will contain
the radial or perpendicular distance from the point to the survey line. This
distance, together with the station, completely locates each intersection point
for the Engineer.

Elevations

The elevations computed by the program at the intersection points are
Tinished grade elevations, i.e., top of bridge surface elevation at the inter-
section points. These elevations which are essential in all phases of Bridge
Engineering form an important part of the output data of each problem.

Distances and lengths

The distances or lengths between intersection points measured along the
longitudinal and transverse lines are computed by the program and listed in
the output. This information is of considerable benefit in the detailing
process.

Angles
The angles between the longitudinal and transverse lines, or skew angles,
are computed by the program and listed in the output data. These angles can
also be of considerable benefit when detailing the bridge.

Coordinates

The X and Y Coordinates of each point of intersection are computed by the
program in the solution of the longitudinal and transverse line equations in
order to compute the aforementioned data. These coordinates are the result
of the orientation of the bridge on a system of coordinate axes in order to
facilitate the solution of the problem.




BRIDGE IAYOUT

In order to solve the geometric requirements, the bridge must be placed
on & coordinate system of X and Y axes. After the Engineer has defined the
orientation of the bridge in the input data, the longitudinel and transverse
lines can be set up in equation form by the program, and the solution of the
problem then becomes basically one of solving simultaneous equations.

Bridge location

The location of the bridge on the coordinate system is defined by a Dis-
tance, Angle, and Station. In addition, the range or extent of the problem
is controlled by the Limiting Stations, i.e., & protection feature. The data
used to define the location of the bridge is shown in the sketch below. Note
that by varying the Distance, Angle, and Station, the bridge can be placed in
elmost any position on the coordinate system. However, the location of the
bridge must be defined so that the survey line does not pass through the origin.
Note, also, that the portiom of the coordinate system in which & program solu-
tion is valid is designated in the sketch.

Station

k50
Angle

—pee X

éSO
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Horizontal Alignment

The horizontal alignment is defined by giving the degree-of-curvature of
each range of horizontal curve, and the P.C. and P.T. Stations that separate
the range of the curves. The program has the capacity for three ranges of
horizontal curves and tangents. Following is a list of the possible combina-
tions of tangents and circular curves that may be used to define the horizon-
tal alignment.

One Range:

1. Tangent

2. Curve
Two Ranges:

1. Tangent -Curve

2. Curve-Tangent

3. Curve-Curve (compound curve)
Three Ranges:

1. Tangent ~-Curve-~Curve
2. Curve -Tangent -Curve
3. Curve-Curve -Tangent
4.,  Tangent-Curve-Tangent
5. Curve-Curve-Curve
A tangent is defined as a curve with a degree-of-curvature equal to zero.

The horizontal alignment defines the line that the stations are measured
along, commonly called the survey line or meinline. Only one survey line can
be defined with each problem, and that survey line must be a tangent (straight),
circular curve, or a combination as shown above. The program has no provision
for a spiral survey line, although the longitudinal lines may be defined a&s
spirals (curve taper). The horizontal alignment may be composed of compound
curves; however, the program has no provision for reverse curves. This pre-
sents no problem, however, since a bridge on a reverse curve can be solved by
dividing the bridge at the point of reverse curvature into two problems.

The program solves & problem with & curve mainline regardless whether

the mainline is curving to the left or right. Actually, the solution of the
problem is independent of the direction of the curve since a left curve is a
mirror image of & right curve, and vice versa. In the sketch on the following
page, & right curve is shown at the top and & left curve is shown at the bottom.
Note that the direction of the plus and minus Y-axis has been reversed in the
sketch of the left curve; and, in addition, the positions of the normally first
and fourth quaedrant have been interchanged. If the sketch is rotated about the
X-axis and viewed from the back, the left and right curves will appear to have
reversed their direction. In other words, when & right curve is viewed from




underneath it appears as a left curve. Therefore, since the direction from
wvhich & bridge is viewed has no physical effect on the alignment, the solution
of the problem should be—and is—completely independent of the direction of

the curve.

+Y ‘
Right Curve
Quadrant 1
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L
0 +X
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Vertical Alignment

In order for the program to compute the elevation of the various points
on the bridge, the vertical alignment (Grade Data) must be defined as part of
the input data. The bridge may be entirely on a tangent (constant slope),
partly or wholly in & vertical curve, or occupy & portion of two vertical
curves. The Grade Data consists of the lengths of existing vertical curves,
slope of the tangents, station and elevation of an origin point, and the sta-
tions at which the tangents intersect to form a vertical curve.

The vertical alignment defines the profile grade line which is also re-
ferred tc as the pivot point line. In contrast to the limitation of the hori-
zontal alignment to one survey line, the vertical alignment may consist of two
pivot lines provided the bridge cross section is made up of superelevated lanes.
However, the two pivot lines have the sesme elevation, and both are defined by
the vertical alignment input data. This makes it possible for the Engineer to
set up so-called twin or double bridges as one problem (rather than solving
the bridges individually) provided, of course, that the vertical alignment is
the same for both bridges. Following are the three possible variations in the
vertical alignment.

1. Tangent
2. Tangent -Curve -Tangent
3. Tangent-Curve-Tangent -Curve ~-Tangent

It should be noted that any of the tangent portions may have a zero length
(range). Following is a sketch showing the vertical alignment.

l«— P.V.I. Z Stetion P.V.I. 1 Station

\‘Elev. P.V.I. Z

P.V.I. 2 sStation




Bridge Cross Section

The "Skewed Bridge" computer program provides for three types of bridge
cross sections: superelevation, level, and parabolic crown. The user must
define one of these types in order for the program to be able to compute the
finished grade elevations. No other type of cross section is allowed by the
program.

The program has the capacity for one, two, or three lanes of supereleva-
tion with each pivot line when the bridge is superelevated. The lanes of super-
elevation must be defined, and the rate of superelevation for each lane given,
as part of the input data. Easch lane of superelevation must have a constant
width throughout the range of the bridge; however, the width and rate of super-
elevation of any lane is completely independent of any other lane. One of the
most important functions of the program is the ability to compute finished
grade elevations within & varying rate of superelevation, commonly called tran-
sition. Like the width and superelevation rate, the transition of any super-
elevated lane is completely independent of any other lane.

The program hes the capacity to compute finished grade elevations when
the roadway surface is & parabolic crown. However, & parabolic crown cannot
be defined in the same problem with superelevated lanes, and only ome parabolic
crown is allowed per problem.

In lieu of the superelevation or parabolic crown, the bridge cross section
can be defined as level. In this case, the program ignores the crown correc-
tions, and the elevations given in the output data will be profile grade eleva-
tions.

IONGITUDINAL LINES

The beams, gutters, curbs, railings, structure lines, center lines, etc.,
of the bridge are defined in the input data as longitudinal lines. These lines
mey extend throughout the range of the problem, or the longitudinal lines may
be defined for one or more particular spans. In other words, the longitudinal
lines may vary from span to spen. A minimum of one longitudinal line must be
defined in each problem. The meximum number of longitudinal lines is thirty.
There are ten types or codes by which the longitudinal lines mey be defined.
These will be discussed in detail in the section on "Preparing The Input Data'.

TRANSVERSE LINES

The bents, substructure lines, centerline-of-bearings, diaphragms, splice
points, comstruction joints, etc. of the bridge are defined as transverse lines.
These transverse lines are defined in units of a span; that is, a span will con-
sist of two transverse lines representing the two bents defining the span
and a number of transverse lines within the span. The number of trensverse
lines may vary from zerc to twenty per span, excluding the two bent lines.

There is no limit on the number of spans that may be defined in a problem.




USING THE PROGRAM

The Engineer can effectively use the "Skewed Bridge" computer program in
the preliminary end final design of & bridge. In the preliminery phese, sta-
tions, skew angles, distances, etc., that are unknown can be computed by the
program to assist in the preliminary leyout. In the final design phase, the
lengths of beams and diaphragms, position of diaphragms, elevations for deter-
mining beam seat elevations and meny other types of pertinent data cen be com-
puted by this program, thereby assisting the Engineer in the design and detail-
ing of the bridge. In the construction phase, the Engineer can easily use the
program to obtain the elevations used to set the construction forms, etc.

It is important to note that any bridge may be set up as a number of
separate problems and processed at different times. For example, the geometric
requirements in the design stage are quite different from the geometry that an
Engineer requires in the construction of the same bridge. However, it is usual-
ly more beneficial to have &all the geometric requirements in the design process
computed in & single run of the problem. Iater, the Comstruction Engineer can
compute his geometric requirements in another run of the problem.

The information required by the program in order to process the problem
must be given by the Engineer on a set of input data forms. First, it is im-
portant to determine all the different types of information the user desires
the program to compute. This may eliminate the possibility of having to run
the problem again to compute date not included in the first run of the problem.
Next, the input data required by the program to compute the desired output must
be determined. This involves choosing the number and types of longitudinal and
transverse lines, etc. Finally, this data must be entered on the input date
forms and forwarded to the Datsa Processing Center.

The output date which contains a listing of the input data is fully
edited with numerous headings for esse in interpretation. The accuracy of the
output data depends directly on the accuracy of the input data. That is, if
an error is made in the input data, it surely will result in erroneous answers
appearing in the output data. It cannot be overemphasized that the entire in-
put date should be thoroughly checked before processing, and it i1s suggested
that the input data forms be compared to the listing of the input date that is
given in the output date as & further check.




METHOD OF SOLUTION

The geometric solution of a problem is based on the concepts of analytic
geometry, i.e., coordinete system, line equations, etc. The program solution
has three basic functions and following is a discussion of each function.

1. Compute Line Equations.

The maeinline, longitudinal lines and transverse lines are set up in
equation form by the progrem. Three basic types of line equations are
used to describe these lines: straight, circular curve and spiral.

straight Lines

The equation of & straight line is set up in slope intercept form:

Y=MX+B

Where "M" is the slope of the line and "B" is the Y-Coordinate of the
point where the line crosses the Y-axis.

However, if the absolute value of the slope (M) is greater than
one (1), the equation of the straight line is in the following form:

X=NY+C
Where "N" is the slope of the line in relation to the Y-axis (N = 1/M),
and "C" is the X-Coordinate of the point where the line intersects the
X-axis (C = -B/M).
Circular Curve Lines
The equation of & circle is set up in the following form:
(X-X0)2 + (¥-Yo)? = B2

Where "X," and "Yo" are the coordinates of the center of the circle, and
"R" is the radius of the circle.

Spiral lines

The equation of a spiral (curve taper) is set up in polar coordinate
form as follows:

R = K©

Where "R" is the radius of the curve when a radial line is rotated en
angle equal to "9", and "K" 1s a constant representing the change in
radius per unit of angle rotation.




The program intersects each longitudinal line with the transverse
lines. In addition, the mainline is intersected with all bent lines.
The equations are solved simultaneously and, thereby, the X and Y coordi-
nates are determined. When solving for the intersection of a spiral and
straight line, the program uses & process of "approximations".

: 2. Intersect Lines.
3. Compute Intersection Data.
|

After solving for the X and Y coordinates, the program computes the
station of the point and the distance from the point to the mainline.
Using this data, the elevation of the point can be computed. In addition,
other distances and angles are computed and printed in the output data.

\

Solution Sequence

Following is & brief outline of the sequence of the program solution with
comments to indicate the functions of each part of the program solution.

1. Read and Process Iayout Data (one time per problem).
a. Iocation Data.

The coordinates of the Reference Point Station are computed and
stored along with the Limiting Stations, Reference Angle and Reference
Point Station. '

b. Horizontal DPata.

The equation of the mainline, P.C. and P.T. Station coordinates,
and Reference Angles are computed and stored along with the degree-
of-curvature and radius of each range of horizontal curve.

c. Vertical Curve Data.

The vertical curve alignment is divided into ranges of parabolic
curves and tangents, and the equation of the profile grade line 1s
computed for each range and stored for future reference.

d. Crown and lane Definitions.

If the roadway is & parabolic crown, the program computes the
parabolic constant and stores this constant along with the limits
and position of the parsbolic crown. When the bridge surface is
superelevated, the program computes the width of each leane and stores
this dats along with the position of the lanes and profile grade
lines.

e. Superelevation Data.

If the bridge surface is superelevated, the rate of supereleva-
tion of each lane is reéd and stored. If the bridge is in & varying
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rate of transition, the rates of change of the superelevation rates
are computed for each lane and stored along with the stations of the
breaks in the transition rates. This enebles the program to compute
the rate of superelevation in any lane at any station.

Read and Process lLongitudinal Lines.

The program reads the longitudinal line deta and computes and stores
the equation of each longitudinal line that does not vary within the
range of the problem. This is repeated each time a set of longitudinal
lines is defined in the input data.

Read and Process Span.
The following progrem steps are repeated for each span in the bridge.
a. Span Identification.

The program reeds and prints the information used to describe
the span, i.e., remarks, etc.

b. Bent Datea.

The input data of each bent is read and printed. Then, the
program computes the equation of each bent and intersects the two
bents with the meinline in order to find the bent station and skew
angle (if this data is not given in the input data). The bent station
and skew angle are stored for future listing.

Intersect Bents with Longitudinal Lines.

The progrem solves for the intersection of each bent with each
longitudinal line. The intersection data (coordinates, angles, stetions,
etc.) is stored for future reference and listing. In addition, the equa-
tions of the variable longitudinal lines are computed, i.e., chords, etc.

Read and Process Transverse Lines in Span.

The program reads and prints the input data of each transverse line
in the span. At the same time, the equations of the transverse lines are
computed. These equations are stored temporarily so that these lines can
be intersected with the longitudinal lines.

Intersect Iongitudinal and Transverse Lines.

Beginning with the first longitudinal line, the program intersects
the longitudinal lines with each transverse line. After each intersec-
tion point is found, the program computes the various output data (sta-
tion, elevation, distances, angles). After processing all longitudinal
lines, the program proceeds to a new span or terminates operation.

- 11 -




III. PREPARING THE INPUT DATA

In the following discussion, refer to the blank input data forms on

pages 188, 189, 190, end 191.

FORM OF INPUT DATA

The input data required by the program 1s entered on four types of in-

put forms. Following is a discussion of each type of input form.

A.

C.

LAYOUT DATA (page 188). H.D. 498-D
The IAYOUT DATA must be the first input sheet of each problem.

Only one sheet of this type is required per problem. The ILAYOUT DATA
input form consists of the following input data:

1. Identification

2. Iocation Data

3. Horizontel Curve Data

4.,  Vertical Curve Data

5 Crown and lane Definitions

6. Superelevation Data

IONGITUDINAL LINES (pege 189). H.D. 498-L

This input data form is used to define the longitudinal lines
(veams, gutters, curbs, railings, etc.) that are to be intersected with
the bent and trensverse lines of each span. At least one sheet of this
type must be used with each problem.

Usually, only one sheet of IDNGITUﬁINAL,LINES is required per prob-
lem. However, on some occasions the longitudinal lines will not be con-
tinuous from span to span (for instance, when one span has five beams and
an adjacent span has six beams), and it will be advantageous to enter &
IONGITUDINAL IINE input sheet preceding each span that has a different
set of longitudinal lines.

SPAN DATA (page 190). H.D. 498-8

The SPAN DATA input data form is used to describe & span, the bents
that define the span, and the transverse lines that are in the span.
One sheet of this type is used with each span in the bridge. However,
it is possible in some cases to combine several spans of the bridge and
enter them as one span, thus eliminating & number of SPAN DATA input
sheets. In this case, the intermediate bents cen be defined and entered
as transverse lines.




D. COORDINATE INPUT (page 191). H.D. k98-C

The COORDINATE INPUT form mey be used in lieu of or in conjunction
with the SPAN DATA input forms. This type of input sheet is used when
the coordinates of the points on the bridge are known, and the stations,
elevations, etc. are desired. Since the coordinates must be known (com-
puted by some other method or program), this type of input will have
limited use.

Sequence of the Input Data

The input data forms for each problem should be in the following
order:

1. IAYOUT DATA (one sheet)
2. 1ONGITUDINAL LINES (one* sheet)

3. SPAN DATA and/or COORDINATE INPUT (variable number of sheets)

* An exception hes been noted on page 50.
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INPUT DATA REQUIREMENTS

In the following discussion, the required input data will be described
in detail and examples used to illustrate the data that is entered on the
input forms. Refer to the example problems for more illustrations.

Each line on the input data forms represents a card; and, this write-
up will refer to the card columns (c.c.) of each line. Note that the card
column numbers are given in the formats (headings) on the input forms. Each
position (card column) of the input line is for entering one character, a
number, letter, or special character; and, a group (field) of these positions
is used to enter an item of data.

A negative quantity is indicated by placing a minus sign (-) before the
first significant digit of the data field. In the absence of 8 minus sign,
all quantities are considered positive. The entire data field to the right
of the first significant digit shouldbe filled in even though all the digits
mey be zero, i.e., the card columns to the right of a digit or digits in a
deta field should not be left blank.

The position of the decimal is shown on the input forms. Note that the
decimal does not occupy & card column. However, the position of the decimal
may be overridden by entering a decimal in the desired card column &s part of
the input date. This may be done to enter greater accuracy in the input data.

Plus signs (+) are shown in the data fields, where stations are required,
to facilitate the entering of stations on the input forms. Note, however,
that the plus sign does not occupy & card column.

Stations and distances are to be given in feet to four decimal positions
unless noted otherwise. The first digit(s) in the first card column(s) of
each input data line is for identification purposes, and of no significance to
the Engineer.

IAYOUT DATA

The IAYOUT DATA input form must always be filled in as the first sheet of
each problem.

A. IDENTIFICATION (* in c.c. 1).

The Identification line is used to enter any pertinent identifying
remerks about the bridge that the Engineer wishes to head the output
listing. The project number, county, date,and name or initials should
always be entered.

Card colums 2-5 of the first line are reserved for the problem
number. This space should alweys be left blank by the Engineer since a
number will be assigned to the problem from the log book of computer runs.
The problem number will be associated with any error messeges and will
appear in the output listing.




B.

Any number of Identification lines may be used to enter remarks,
etc. However, when an additional line (card) is to be used, the code .
"CONT" must be entered in card columns 77-80 to indicate to the program
that another Identification card is to follow. Therefore, the last
Identification line will not require the continuation code. Also, if
only one Identification line is used for remarks, the code "CONT" is not
required.

IOCATION DATA (1 in c.c. 1).

The Iocation Data consists of the data required to locate the bridge
on a system of coordinate axes.

1. Limiting Stations (c.c. 2-11, 12-21). Form: xxxx+xx.xxxx feet.

The Back and Ahead Limiting Stations define the range of the
problem; that is, every point computed on the bridge must lie on
or between these two stations. Both of these stations are alweys
required as part of the input data. The purpose of the Limiting
Stations is to protect egainst errors in the input data. For
exemple, if an error is made when entering a transverse line (or
key-punch error), the intersection of the transverse line and some
longitudinal line might fall outside the Limiting Stations, thus

causing an error message and bringing it to the attention of the Engi~

neer. In order for this safety feature to runction properly, the
Limiting Stations should be placed near the ends of the bridge.
The Limiting Stations serve other purposes that will be discussed
more convenlently on subsequent pages. The Limiting Stations may
be of negative magnitude.

2. Station of Reference Point (c.c. 22-31). Form: xxxx+xx.xxxx feet.

The Reference Point Station is an arbitrary station used to
orient the bridge on a system of coordinate axes. This point is
usually on the bridge; however, this is not a program requirement.
Whenever the bridge crosses a road, it is common practice to use
the point of intersection of the two survey centerlines &s the
Reference Point.

It is an sabsolute progrem requirement that the Station of
Reference Point be in the range of horizontal curve two. This re-
quirement will be noted in more detail in the discussion of the
Horizontal Curve Data. In addition, the Reference Point must be on
the survey centerline, i.e., mainline. The Reference Point Station
mey have a negative value.

3+ Reference Angle (:[ (c.c. 32-40). Form: xxx deg.,xx min.,Xx.xx sec.

The Reference Angle is the angle between the X-axis and the
redial line from the origin to the Reference Point. This is an
arbitrary angle that may be varied from zero (0) to ninety (90) de-
grees. However, in order to keep the entire bridge in the first
quadrant, Reference Angle values of zero or ninety degrees can be
used only when the Reference Point is ahead or back of the bridge,
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respectively. The Reference Angle is entered by giving the degrees,
minutes, and seconds of the angle according to the input data format.
The degrees and minutes are entered as whole numbers, and the seconds
are entered to the nearest hundredth. The Reference Angle cannot be
entered in radians or decimals of degrees. Although the program will
accept & negative Reference Angle, under normel circumstances the
Reference Angle should always be positive.

If horizontal curve range two (curve that contains the Refer-
ence Point) is actuaslly & tangent (straight), a Reference Angle
value of zero would place curve two parallel to the Y-axis. A value
of ninety degrees would orient curve two parallel to the X-axis. If
the bents of the bridge are parallel, a Reference Angle value can
be entered so that the bents will be parallel to either the X or
Y-axis. This will be discussed further in the discussion of SPAN
INPUT DATA, However, it should be understood that the Reference
Angle is completely independent of any bent or reference line skew
angle.

L, Distance from Origin to Reference Point (c.c. 41-50).
Form: xxxxoxx.xxxx feet.

The Reference Distance is the radial distance from the origin
to the Reference Point. If horizontal curve two is a circular
curve, this distance need not be given since the program will auto-
matically essign the radius of the curve to this distance, thus
placing the center of the curve at the origin.

If horizontal curve range two is a tangent, the Reference Dis-
tance should always be given a value greater then zero. If a velue
of zero is entered, or the space is left blank, the program will
assume & value of ten thousand feet (10,000.0000). A negative Ref-
erence Distance is not acceptable. Note that the line from the or-
igin to the Reference Point is always perpendicular to the tangent.
The Reference Distance is actually an arbitrary distance that is
used in conjunction with the Reference Angle and Reference Point
Station to orient the bridge on & system of coordinate axes.

Iocation Data Examples

Three examples of the Iocation Data required to orient a bridge on
a system of coordinate axes are shown on the following three pages.
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C.

HORIZONTAL CURVE DATA (2 in c.c. 1).

Since the bridge may be located in as many as three horizontal
curves, the Horizontel Curve Data is used to enter the degree-of-curva-
ture of each curve, and the P.C. and P.T., Stations that separate the
curve ranges. Note that any of the three curves may actually be a tan-
gent (straight), i.e., a curve with an infinite radius.

The degree-of-curvature of each range is entered on the input form
in degrees, minutes, and seconds. Note that the curvatures may be
entered to the hundredth of a second. A tangent range of horizontal
curve is defined by entering & degree-of-curvature of zero (0). In
actual practice, the bridge will very rarely be on three ranges of
horizontal curves, and bridges on two ranges of horizontel curves are
infrequent. The vast majority of bridges will be completely in only one
renge of horizontal curve. Therefore, in order to save the Engineer's
time, it is necessary to define only the ranges of curvature in which
the bridge is located. For example, if the bridge is entirely in one
curve (or tangent), only one degree-of-curvature is required. Likewise,
if the bridge is located in two curves (or curve and tangent), it is
necessary to define only two degree-of-curvatures, etc.

Adjoining curves, or adjoining curve and tangent, are assumed to
be tangent at the P.C. end P.T. Stations.

If there is only one range of curvature, it must always be defined
as Curve No. 2. 1In this case, Curve No. 1 and Curve No. 3 would not
exist. If there are two ranges of curvature, one of the ranges must
always be defined as Curve No. 2 and the other curve as either Curve
No. 1 or Curve No. 3. For greater program efficiency, Curve No. 2 should
be the range that contains the major portion of the bridge. This is
the reason that the tangent portion of the bridge in example 1-1 (page 17)
wes selected as Curve No. 2.

1. Curve No. 1 (c.c. 2-9). Form: xx deg.,xx min.,XX.Xx sec.

The degree-of-curvature of curve range one should be entered
in this space. If this curve does not exist, leave this space
blank. The beginning station of Curve No. 1 is assumed to be the
Back Limiting Station, end the ending station is the P.C. Station
of curve range two.

20 P.c. Station (COCO 10"19)~ FOI'm: Xxxx+xx.xxxx feeto

The P.C. Station is the station that begins Curve No. 2  and,
therefore, ends Curve No. 1. This station is not required if only
one range of horizontal curve exists. The program will assign this
station the value of the Back limiting Station, i.e., the P.C. Sta-
tion in this case is arbitrary. However, the P.C. Station should
always be given if two or three ranges of horizontal curvature exist.
If Curve No. 1 does not exist when Curve No. 3 does exist, the P.C.
Station can conveniently be set equal to the Back ILimiting Station
since the P.C. Station is in this instence an arbitrary station.

- 20 -




3.

L,

Curve No. 2 (c.c. 20-27). Form: xx deg.,xx min.,xx.xx sec.

This space is for entering the degree-of-curvature of hori-
zontal curve range two., Curve No. 2 1is considered the main curve
and, therefore, must always be defined. The range of Curve No. 2
must always contain the Reference Point Steation that is given in
the location Data. The range of Curve No. 2 is from the P.C. Sta-
tion to the P.T. Station.

P.T. Station (c.c. 28-37). Form: xxxx+xx.xxxx feet.

The P.T. Station is the station that ends the range of Curve
No. 2 and begins Curve No. 3. If only one range (Curve No. 2) of
horizontel curve exists, this station is not required, i.e., leave
blenk. The program will assign this station the value of the Ahead
Limiting Station, i.e., the P.T. Station in this case is arbitrary.
However, the P.T. Station should always be given if two or three
ranges of horizontal curvature exist. If curve range three does
not exist when Curve No. 1 does exlst, the P.T. Station cen con-
veniently be set equal to the Ahead Limiting Station since the P.T.
Station is - in this instance -~ an arbitrary station.

Curve No. 3 {(c.c. 38-45). Form: xx deg.,xx min.,xx.xx sec.

Enter in this space the degree~-of-curvature of horizontal
curve range three. If this range of mainline curve does not exist,
this space should be left blank. The beginning station of Curve
No. 3 is the P.T. Station, and the ending station is assumed to be
the Ahead Limiting Station.

Horizontal Curve Data Examples

The following page contains the Horizontal Curve Data required for

the three examples (1-1, 1-2, 1-3) shown to illustrate the Iocation Deta.
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D. VERTICAL CURVE DATA

The Vertical Curve Data consists of two lines (cards) on the input

form.

The first line is for entering P.V.I. Stations; and, the second

line is used to enter the beginning Elevation, Grades (slopes) and length
of Vertical Curves.

1. P.V.I. Stations (3 in c.c. 1).

The P.V.I. Station is defined as the station of the intersec-

tion of the tangents of a parabolic vertical curve. These stations
are required in order to properly position the vertical curves.

The P.V.I. Stations may be of negative magnitude. These stations
should be given on the input form according to the following
requirements.

a'

P.V.I. 2 Station (c.c. 2-11). Form: =xxxx+xx.xxxx feet.

The P.V.I. Z Station is not actually a P,.V.I. Station,
but rather the station of the beginning of the Vertical Curve
Data. Therefore, this station must be located before the
beginning of the bridge since the program will not compute
the elevation of a point located back of this station. In
essence, this station is the origin of the grade data. The
P.V.I. Z Station should be on a tangent grade and not within
a vertical curve. The P.V.I. Z Station is an arbitrary
station and should always be defined by entering & value on
the input form.

The end of the Vertical Curve Data is assumed to be the
Ahead Limiting Station.

P.V.I. 1 Station (c.c. 12-21). Form: xxxx+xX.xxxx feet.
If a portion (or all) of the bridge is in a vertical

curve, it is necessary to give as the P.V.I. 1 Station the

station of the intersection of the two grades (G, and Gp)

that define the first vertical curve. This station is not

required if the entire bridge is on a tangent.

P.V.I. 2 Station (c.c. 22-31). Form: xxxx+xX.xxxx feet.

The program has the capacity for two vertical curves.

- If & portion of the bridge lies in a second verticel curve,

it is necessary to give as the P.V.I. 2 Station the station
of the intersection of the two grades (Go and G3) that define
the second vertical curve., This station is not required if
the entire bridge is on a tangent, nor when there is only one
vertical curve.
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Elevation, Grades and Lengths of Vertical Curves (4 in c.c. 1).

The Grades (slopes) that define the Verticel Curve Data are
given in per cent, i.e., one hundred times the tangent of the slope
angle. Each slope may be positive or negative. A positive grade
increases the profile grade elevation as the station increases. A
negative slope decreases the profile grade elevation as the station
increases. The Grades can be entered to six decimal positions of
per cent., A Vertical Curve lLength equal to zero is invalid.

The lengths of Vertical Curves can be entered to three deci-
mal positions. A negative Vertical Curve length has no meaning
and, therefore, a negative value is not permitted.

a. Elevation P.V.I. Z (c.c. 2-9). Form: xxxx.xxxx feet.

Enter in this space the profile (pivot point or elevation
control line) grade elevation of the P.V.I. Z Station. This
Elevation of the beginning of the grade data must always be
given on the input form. The Elevetion of the P.V.I1. Z Sta-
tion can be given to the nearest ten-thousandth of a foot
(four decimal positions) and may be of negative magnitude.

b. % Grade Z-1 (c.c. 10-18). Form: xxx.xxxxxx %.

This grade (G1) is the slope of the tangent from the
P.V.I. Z Station to the P.V.I. 1 Station. This grade should
always be given on the input form. If the P.V.I. 1 Station
is not defined (no vertical curve) the requirements of this
grade are unchanged, and this grade is then assumed to hold
true from the P.V.I. Z Station to the Ahead Limiting Station.

¢c. L.V.C. 1 (c.c. 19-25). Form: xxxx.xxx feet.

Enter in this space the length of the first (or only)
vertical curve. This vertical curve is eassumed to be symmetri-
cal about the P.V.I. 1 Station. Ieave this space blank if
the grade data contains no vertical curves.

d. % Grade 1-2 (c.c. 26-34). TForm: xxx.xxxxxx %.

This grade (Gp) is the slope of the tangent from the
P.V.I. 1 Station to the P.V.I. 2 Station. Enter this grede
only when the grade data contain & vertical curve(s). In the
case of one vertical curve, this grade is continuous from the
P.V.I. 1 Station to the Ahead ILimiting Station.
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L.V.C. 2 (c.c. 35-41). Form: xxxx.xxx feet.

The length of the second vertical curve is entered in
this space. However, if there is no requirement for a second
vertical curve, this space should be left blank. This verti-
cal curve is assumed to be symmetrical about the P.V.I. 2
Station.

% Grade 2-3 (c.c. 42-50). Form: xxX.xxxxxx %.
This grade (G3) is the slope of the tangent from the
P.V.I. 2 Station to the Ahead ILimiting Station and should be

entered on the input form only when the grade data contains
two vertical curves.

Vertical Curve Data Examples

Three examples of the input data necessary to define the Vertical
Curve Data are shown on the following three pages.

- 25 -




e =

oo@,&ooo_ ]

00+22
uoT383g SUTITWIT Pesyy

N H>m >u4u

IOANT 40 WHOJL

REND ._<o_‘.rmu>

*u0T1838 SUTITUTI PseUY aYj3 07 pusgxs 09 psumsse ST
opexd aU3 38U3 930N ‘uoT3wASTY SutuurSeq U3 pus ‘(1H) spwip syj ‘uoTywIs Z *I*A°d SU3 SX® paxTnbax aq TTTA
98U3 83Bp ATUO 3yy *(Spexd 3UITBIIS) quafue) B UO AToIT3UD 2Qq 01 paumsss ST a8pliq syl ‘ordwsxs STUZ UL

h 0*000T

uory8ig 2

Tkl

00+QT

‘I*A°d

*T-€ TIINVXE

Vivad 3AUND VO LY3A

- 26 -



00'0'0'S 22" T [00' 0005 [070T0T0705 11—

< -1 - - T 131 % S fﬁ._
e | 2-13aveoZs| T OAT | 157 30vED % -

INANT J0 WHOL

*00+QhT ST UOT9BIS mqﬁcwm 3yl pus ‘QO+hHT ST 9AIND TBOTISA TBNIOB 9Y3 JO UOT4B3s Buruuilsq sy3 38Y3 930N ‘*ATTOUM
I0 A7318d I9y3Te ‘SAXND TEOTIISA B UT Pol1edol ST a8pTaq oyl usys wviwp ndur paxTnbsa sya smoys oTdwsxs STYIL

00+9HT
uoT18ag T *I*A*d

%S 1.
*33 Ooh

.o.>'q ‘I—

\|| 0°00§ °*A9TH

_‘ 00+2hT
_l! uoI3elg BUTITWT] pPeaUy TU0T3eiIS Z "I*A°d

T

*2-¢ HIAWVXE

(panuuod) V.LVQA IAYND TV 1 LH3A




- T ”..O,‘ﬁ 0" O-O_ O_O ,w 0 Q!Od o' o

ST="[000008 (000000 |

3t

8¢ [3]

- — o)
0% - .NM?J T NH_ AAVYHOD % 1 DA . I-Z 3aVYD %

00*0GF0E " [0'0°0'0°00F0 2

<< FAl

**VLIVQ IAYND TVIILY3A

VIS 2 TAd VIS 1 TAd VIS ZTI)

L

UoT383g BUTITWIT pesuy

¢ "0°A°T

uoT3BIS 2

*3F 009

‘At

uor3e3is 1T *I*A°d

.

LOdNT J0 WO

*dBTI2A0 30U 3SNW S3AIND Y] “ISAIMOY

£(0) ox92 8q UBD S2AIND TBOTISA OM} BY] Usam3aq uorqrod jusluel

3YT 9IBYZ 990N *S9AIND TBOTISA OM7 JO uolqrod 8 UT pa3sdOl ST
28pTIq 9Uq usuys wywp 9ndur paxmmbaax syj smoys ordwexs sTYI

H9€2°T002 *ASTE
T *0°A*1T |N
*31F 008 -

= 9D

=

Fort

00+0T
uor3lsis Z *IAd —=

*€-C TIIWVXE

(panuiuod) V.LVvA 3AYND VI LYH3A

- 28 -



CROWN AND IANE DEFINITIONS (5 in c.c. 1).

The Crown and lane Definitions input line is used to enter the data
that 18 necessary to completely define the type and limits of the trans-
verse bridge surface (finished grade). The bridge roadway surface may
be parabolic, superelevated, or level (no crown correction). The input
form has two formats for reference when entering the input data. The for-
mat used to enter a parabolic crown is the topmost format to the left,
and the superelevated format is immediately below the parabolic format
and encompesses the entire line on the input date form. 8Since the re-
quired input to define a parabolic crown is entirely different from the
data that is required to define superelevated lasnes, the two types of
roadway surfaces will be discussed separately. A level crown is & spe-
cial case and will be discussed separately &also.

No provision is made for a circular crown; however, & circular
crown can be defined in most cases as & parabola with negligible error.

PARABOLIC CROWN

The progrem has the capacity for only one parabolic roadwsy crown,
and all points outside the range of the parabolic surface will be
leveled off from the edge or extent of the parabola. The profile grade
control line is assumed to be along the crown point, i.e., apex of the
parabola. The parabolic crown is assumed to be symmetrical about &
vertical axis through the parabola apex.

Card columns 45-79 and 5-12 of the input form should be ignored
since no data is required in these spaces. Also, the Superelevation
Data (6 in c.c. 1) which follows the Crown and lane Definitions is not
required and should be completely ignored. Following is the required
input data for a parabolic crown. :

1. . Crown Code (c.c. 2-4).

In order to indicate to the computer the type of finished
grade surface the program is to consider, a Crown Code must be
given in card columns 2-4 of the input form. If the roadway crown
is parabolic, the Crown Code required is "PAR".

2. Distance From Crown To R/L Gutter (c.c. 13-20). Form: xxxx.xxxx feet.

This dimension is the distance from the apex of the parabola
to the extent of the parabolic surface, usually the gutter line.
The distance is measured perpendiculer to the center line of the
bridge. This distance is assumed to be the same for both left and
right sides of the bridge and should never be given & negative
value, nor a value of zero. A negetive value is meaningless, and
a zero dimension indicates & level crown which can be defined by an
easier method.
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5.

is

AR From Y To Crown (c.c. 21-28). Form: xxxx.xxxx feet.

This dimension is the distance from the mainline (survey con-
trol line) to the apex (crown point) of the parabolic crown. The
distance is measured perpendicular to the center line of the bridge.
This dimension may be negative, zero, or of positive magnitude.
Therefore, the survey line is not required to be along the crown
point of the surface. If the distence from the mainline to the
crown point is toward the origin, the dimension is negative; other-
wise (away from origin), the dimension is positive. Probahly in
most cases the survey line will be along the center line of the crown
surface and, therefore, this dimension will usually be zero.

Distance From Crown To Control Point (c.c. 29-36).
Form: xxxx.xxxx feet.

This dimension is the perpendiculser distance (horizontal) from
the crown point to & point on the parabolic surface at which the
vertical ordinate (drop from crown point) of the curve is known.
This usually turns out to be the gutter line since most parabolic
crowns are detailed at this point. This distance should never be
negative or zero. :

Drop From Crown To Control Point (c.c. 37-44). Form: xxxx.xxxx inches.

This dimension is the vertical ordinate from the crown point to
the point on the surface at the dimension, "Distance From Crown To
Control Point". This dimension should always be given in INCHES.

A value of zero should not be used because this would define a
level crown. A negative value will produce a concave parabola
(sag),and a positive value will produce a convex parabola (hump).

Parabolic Crown Example

An example of a parabolic crown roadway and the required input data
shown on the following page.

- 30 -




T T T
P

0R00Z " ‘.o,ol@sa.t__ [0000YE @Mo«\_‘ow_o‘..,ﬁ_,_._. 5

\eo _. A3 amyw z S
.mﬂ-.hi q%.\ki‘%%%‘ 2

IOANT J0 WHOL

- 31 -

||| =——
i | \ll\\\\\\\\\\\\\\\\l - *@AT3TS0d Usaq 8ABY
o pinoa (3881 #) jurod umoio 9y3

\\ 04 SUTITUTSW 2YJF WOIJ UOTSUSWIP
, *3F N1 o au3 ‘surTurBU aY3 JO 3UySTI aug
°aFI MvmmmoMmemmm _ 03 usaq PEY UTHTIO SU3 JT 38UR
: 810N rsaquswaxTInbax wv3wp qndur
v— TeoTIoUmAS aUq pus uMmoId LemprOX oTTOoqBIsd
TeoTdA3 B smoys srdwsxs STYL

SUTTUTEN —w NMOYD OTTOIVHVd *T=t TIINVXH

=
uTsTIO OF

SNOILINIZ30 3NV ANV NMOED




SUPERELEVATION

The program has the capacity for six lanes of superelevation which
are grouped into two bands, each containing three adjoining lenes. BEach
band is controlled independently by a pivot line; therefore, the bands
will not necessarily be adjoining. However, the vertical curve data is
the same for both pivot lines. Three lanes are always associated with
each pivot line even though only one or two mey actually exist. When
the bridge is being defined as superelevated, it is required that at
least one pivot line and three lanes be defined. 1If three lanes are not
sufficient, then two pivot lines and six lanes must be defined. Each
pivot line can have no more, or less, than three lanes. When lanes must
be defined that do not actually exist, they can convenlently be given s
width of zero, thus effectively eliminating the lanes.

The innermost (nearest to origin) band of three lanes and pivot
line are defined on the left side of the input form (c.c. 5-Lk4), and the
outermost (furthest from origin) band of three lenesand pivot line are
defined on the right side of the input form (c.c. 45-79). If only three
lanes of superelevation are to be defined, the data to define these lanes
should always be entered on the left side of the form, even though &ll
lanes may be outside the mainline. The terms "inside"” and "outside"
used on the input form do not refer to the mainline but rather to the
relative position of the bands to the origin. For instance, both bands
of superelevated lanes may be totally inside (toward origin) the main-
line or outside (away from origin) the mainline.

The width and position of the lanes of superelevation are defined
by giving the perpendicular or radial distances from the mainline to the
edges of the lanes. The distances are negative if they are measured -
toward the origin from the mainline, and positive if they are measured
away from the origin from the meinline. All lanes are assumed to be of
constant width throughout the range of the problem, i.e., lanes with
varying widths are not allowed. However, the width of any lane may be
different from the width of any other lane. The pivot line may be in
eny one of its associated three lanes of superelevation; however, the
pivot line must not be located outside the three lanes.

The position of the mainline relative to the two bands of superele-
vation is not restricted. That is, the mainline can be outside, inside,
between, or within the two bands of superelevation. If only one band of
three lanes is defined, the relative position of the mainline is likewise
unrestricted.

Each lane of superelevation may have a constant or varying (common-
ly called transition) rate of superelevation which is independent of any
other lene. The superelevation rates and transition input data require-
ments are discussed on page 42. Following is the input data required
to define the lanes of superelevation.
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1.

Crown Code (c.c. 2-4).

In order to indicate to the program that the crown is super-
elevated, this space should be left blank, i.e., no particular code
is required to define a superelevated roadwsy.

AR To Begin Inside S.E. (c,c. 5-12). Form: xxxx.xxxx feet.

This dimension is the distance from the mainline to the inside
edge of the innermost (nearest to origin) lane of superelevation.
This distance should always be given on the input form when the
roadway is superelevated. The innermost lene will be defined as
lene one (1) for the purpose of explanation, and each subsequent
lane, moving outward, will be assigned a number in like sequence.

S.R. 1 (c.c. 13-20). Form: xxxx.xxxx feet.

The "S.R.1" dimension is the distance from the mainline to the
outside edge of the innermost lane (lane one) and, therefore, to
the inside edge of the adjoining lane (lane two) of superelevation.
This dimension is always required with a superelevated roadway
crown and should never be less than the dimension " AR To Begin In-
side S.E.", i.e., overlapping lanes would result in this case. Note
that if the two dimensions,"s.R.1" and "AR To Begin Inside S.E.",
are made equal, the width of lane one will be zero and, in essence,
lane one would not exist.

Inside Pivot (c.c. 21-28). Form: xxxx.xxxx feet.

This dimension is the distance from the meinline to the inner-
most pivot line. This pivot point must be in lane one, two or
three. Since this pivot point must be within the innermost band of
superelevated lanes, the "Inside Pivot" dimension should not be
less than the "QAR To Begin Inside S.E." dimension, nor greater
than the "S.R.3"dimension. The pivot point is that point on the
superelevated surface where the Verticel Curve Data holds true.

This point or line is also commonly called the "profile grade line".
This dimension should always be given a value on the input form.

As mentioned before, the bridge roadway may have two pivot
lines (twin bridges, for instance). The pivot line entered here is
the one nearest the origin and in the case of only three lanes, the
only pivot line that needs to be defined.

S.R. 2 (c.c. 29-36). Form: xxxx.xxxx feet.

The "S.R. 2" dimension is the distance from the mainline to
the outside edge of lane two and, therefore, to the inside edge of
the outside adjoining lane (lane three), This dimension should
always be defined, and the value of the dimension must never be
less than the "S.R. 1" dimeweion. If the dimensions "S.R. 1" and
"S.R. 2" are made equal, the width of lane two would then be zero
and, therefore, lane two would not actually exist.
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S.R. 3 (c.c. 37-kk). Form: xxxx.xxxx feet.

The "S.R. 3" dimension is the distance from the meinline to
the outside edge of lane three. This dimension defines the outer
limit of the innermost (or only) band of superelevated lenes. The
"S.R. 3" dimension can be made equal to the "S.R. 2" dimension to
effectively eliminate lane three, but the value of "S.R. 3" should
never be less than "S.R. 2". The "S.R. 3" dimension should always
be defined on the input form with superelevated roadways.

The preceding dimensions are required to define the position of the

inner band (three lanes) of superelevation. If these three lanes are
adequate to fully describe the roadway surface, the outer band of three
lanes need not be defined, i.e., the remainder (c.c. 45-79) of the input
data line should be ignored (left blank). However, sometimes more than
three lanes of superelevation, or two pivot lines, are required to de-
scribe the roadway surface adequately. In this case, the outer band of
three superelevated lanes can be used as follows:

7.

10.

AR To Begin Outside S.E. (c.c. 45-51). Form: xxx.xxxx feet.

This dimension is the distance from the mainline to the inside
edge of the innermost lane of the outer band of superelevated lanes
and, therefore, the inside 1limit of the outer band. This innermost
lane of the outer band will be lane four. Note that lanes three and
four are not adjoining lanes. This dimension when defined must al-
ways be equal to, or greater than, the "S.R. 3" dimension previous-
ly discussed.

S.R. 4 (c.c. 52-58). Form: xxx.xxxx feet.

The "S.R. 4" dimension is the distance from the mainline to
the outside edge of lane four and, therefore, to the inside edge of
the outside adjoining lane (lane 5). This distance should not be
less than the "AR To Begin Outside S.E." dimension; however, the
two dimensions can be made equal in order to eliminate lane four
when desired.

Outside Pivot (c.c. 59-65). Form: xxx.xxxx feet.

This dimension is the distasnce from the mainline to the outer-
most pivot line. Since the outside pivot point must be within the
outer band (lane 4, 5 or 6) of superelevated lanes, this dimension
should not be less than the " AR To Begin Outside S.E." dimension,
nor greater than the "S.R. 6" dimension.

S.R. 5 (c.c. 66-72). Form: xxx.xxxx feet.

The "S.R. 5" dimension is the distance from the mainline to
the outside edge of lane five and, therefore, to the inside edge of
the outside adjoining lsne (lane six). This distance should never
be less than the "S.R. 4" dimension; however, the two dimensions
may be equal in order to eliminate lane five.




11. S.R. 6 (c.c. 73-79). Form: xxx.xxxx feet.

The "S.R. 6" dimension is the distance from the mainline to
the outside edge of lane six and, therefore, the outside limit of
the outermost band of superelevated lanes. This dimension may be
equal to the "S.R. 5" dimension in order to eliminate lmne six, but
never less than that dimension.

For a quick check of the input data (Crown and lane Definitions)
required to define the superelevated lanes, it should be noted that all
dimensions, except the two pivot dimensions, entered on the input form
should be of increasing (or equal) megnitude from left to right.

NOTE:
Superelevation cannot be used in conjunction with Parabolic Crowns.

Superelevation Examples

Six examples of superelevation lane orientation and the required
input data are shown on the next six pages. Note that the input data
are also shown on the input form for further illustration. It is sug-
gested that these examples be studied thoroughly since this is perhaps
the most difficult aspect of the program to understand.

LEVEL CROWN

If the roadway surface is level, or the crown correction for
finished grade elevation is to be ignored, the only required input is
the Crown Code of "LVL" in card columns 2-4. The rest of the Crown and
Iane Definitions input data line should be left blank. In addition, the
Superelevation Data (6 in c.c. 1) input data lines that immediately fol-
low the Crown and lane Definitions line should be completely ignored.
Note that the number and position of the lanes of superelevation are
immaterial in this instance.
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SUPERELEVATION DATA (6 in c.c. 1).

The Superelevation Data input form line is used to enter the rates
of superelevation of the various superelevated lanes. This data is not
required with level and Parabolic Crowns and, therefore, this part of
the input form would be left blank. Two types of superelevation may be
used to describe the roadway surface: Constant or Variable (transition)
Superelevation. Constant superelevation indicates that the supereleve-
tion rate of each lane remasins constent throughout the entire range of
the problem. Transition superelevation indicates the superelevation
rate of a lane, or lanes, varies lineally between two known stations.

It is extremely important that the correct sign be used when enter-
ing the superelevation rates on the input form. If the elevation of the
roadway surface increases as the perpendicular or radial distance from
the origin incresses, the superelevation rate is positive. If the ele-
vation decreases as the distance from the origin increases, the super-
elevetion rate is negative. Note that the superelevation rates are
given in inches per foot. Since the input requirements are somewhat dif-
ferent, the two types of superelevation will be discussed separately.

CONSTANT SUPERELEVATION

If the rate of superelevation of all lanes remsins constant through-
out the entire bridge, the Superelevation Date should be defined as Con-
stant. Only one line of the Superelevation Datea is required to enter
the necessary data.

1. Description (c.c. 2-6).

To define Constant superelevation, the Description Code 'CONST"
should be entered on the first line of the Superelevation Data
under the Description heading.

2. At sStation (c.c. 7-16).

This part of the Superelevation Date line should be ignored,
i.e., left blank. The "At Station" data is required only when
entering transition superelevation.

3. Superelevation Rates (c.c. 17-52). Form: xx.xxxx inches per foot.

The input form provides six columns for entering the rate of
superelevation of the lenes. The columns are headed by "S.E. n",
where n is the lane number. For example, the superelevation rate
of lane one should be entered under the colum heading "S.E. 1"

(c.c. 17-22), etec. The superelevetion rate should be given for

each lene defined (three or six) in the Crown and lane Definitions
input line. All rates must be entered on the first line of the
Superelevation Data, i.e., same line as the Description code "CONST".
The rates of superelevation must be given in units of inches per foot.

Constant Superelevation Examples

The two examples of Constent superelevation are given on the next
page for the purpose of illustration.
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TRANSITION SUPERELEVATION

In order to define Transition Superelevation, the superelevation
rate of each defined lane is required et two or more stations. The
rates of superelevation are assumed to hold true at the defining station
only and very lineally between the stations. It is required that the
station and rate of superelevation for each lane be given at each point
where the rate of transition changes in each lane. In other words, if
the rate of transition changes at a point in any lane, the station and
superelevation rate of all the lanes must be given at that point. The
station and superelevation rates at that station are entered on one line
of the Buperelevation Data. The input form provides six lines for enter-
ing up to six stations. However, the program cspacity is ten stations.
Should more than six stations be required, extre lines may be added to
the bottom of the input form. The input requirements are as follows:

1. Description (c.c. 2-6).

In order to indicate to the program that Transition Supereleva-
tion is to be entered in the Superelevaetion Data, the Description
code "START" must be entered on the first line of the Superelevation
Data under the heading "Description”. The Description code "FINIS"
is required on the last line of date (station and superelevation
rates) entered in the Superelevation Data. The Description code
should be left blank on all lines used to enter intermediate sta~-
tions, i.e., stations between the first (beginning) station and the
last (ending) station. Therefore, the Description codes "START"
and "FINIS" are entered only once. The Description code "CONST"
should not be used with Transition superelevation. No other De-
scription codes are valid.

2. At station (c.c. 7-16). Form: xxxx+xx.xxxx feet.

This column is for entering the station of each break (change)
in superelevetion transition. The initial station which is entered
on the first line must be back of the beginning of the bridge since
the superelevation rates are not known back of the initial station,
i.e., the program does not assume that the superelevation rates
back of the initial station are the seme as the rates at the ini-
tial station. The last station entered must be ahead of the end of
the bridge since the superelevation rates are not known ahead of
the last station, i.e., the program does not assume that the super-
elevation rates ahead of the last station are the same as the rates
at the last station.

A maximum of ten stations can be used to define the transition
sequence. However, only six lines are provided on the input form.
The stations may be of negative magnitude.

3. Superelevation Rates (c.c. 17-52). Form: xx.xxxx inches per foot.

The rate of superelevation of each lane defined in the Crown
and Isne Definitions input data must be given at each station of
transition break that is entered in the Superelevation Dats, 1i.e.,

At Stations.
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NOTE:

with

Six columns are provided on the input form to enter the rate
of supereleveation of the lanes. The number in each heading indi-
cates which lane of superelevation is to be entered in thet column.
For example, the superelevation rates of lane five are entered in
the column headed by "S.E. 5".

Superelevation defined as Constant cannot be used in conjunction
superelevation defined as Transition.

Transition Superelevation Exemples
Four examples of the method of entering Transition supereleva-
tion on the input deta form are given on the following four pages

for the purpose of illustration only. The examples do not repre-
sent actual cases of bridge transition.
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IONGITUDINAL LINES

The IONGITUDINAL LINES input form is used to define longitudinal
lines that the Engineer deslires to be intersected with the bents and trans-
verse lines of each span. This input form must always be used with each
problem, and at least one longitudinal line must be defined on the sheet.
This input form is required as the second sheet of each problem, immediately
following the IAYOUT DATA input form. Usuaelly only one sheet of this type is
- required per problem. However, on occesions the need will arise for a d4if-
ferent set of longitudinal lines within the same problem. For example, the
number of beams may vary from span to span. For illustration,let's assume a
bridge has five spans, and the first two spans have five beams and the remain-
ing three spans have four beams. A set of longitudinal lines will be used
with the first two spans . and a different set of longitudinal lines with the
last three spans. In this example, the second set of longitudinal lines must
immediately follow the SPAN DATA input sheet of span two and immediately pre-
cede the SPAN DATA input form for span three. In other words, the longitudi-
nal lines for a span or spans must immediately precede the input data for
those spans. Whenever a set of longitudinal lines are given in the input
date of a problem, they completely replace the previous longitudinal lines.
Any lines common to both sets of longitudinal lines must be redefined.

The program has the capacity for thirty (30) longitudinal lines. Each
longitudinal line is defined by entering the required input data on one line
of the input form. Note that a Sequence Number is given in casrd columns 2
and 3. These numbers will be assigned to the longitudinal lines. For in-
stance, the longitudinal line entered on the fourth line (O4 in c.c. 2, 3) of
the input form will be longitudinal line number four (4). The longitudinal
lines should be defined by entering the first longitudinal line on the first
input line and continuing with one longitudinal line per input line. Lines
on the form should not be skipped, i.e., no blank lines are allowed between
the longitudinal lines defined on the form. This is required because the
longitudinal lines must be in numericel sequence.

Immediately after entering the lest longitudinal line, the code "END"
must always be entered in card columns 4-6 (Type Code) of the next input line.
The total number of lines of the input form that must contein data is the
number of longitudinal lines (which may vary from one to thirty) plus one
(the line that contains the "END"™ code). All remaining lines of the input
form should be left blenk.

The order in which the longitudinal lines are listed on the input form
is immaterial. However, as a general rule, the longitudinal lines should be
given in some sort of location sequence, i.e., from left to right, or right
to left, across the bridge. After the user becomes familiar with the program,
he will be able to give the longitudinal lines in the order that will be most
beneficial to him. The Engineer should be thoroughly familiar with the "Dis-
tance To Previous Point" dimension (page 120) that is given in the output ‘
data before selecting the order of the longitudinal lines.
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~Ten types of longitudinal lines are available to the user. Following is
a list of the different types of longitudinal lines:

1. Chord
2. Arc
3. Railing

4, Parallel

5. Parallel thru Intersect Ahead
6. Parallel thru Intersect Back
7. Curve Offset

8. Straight Taper

9. Curve Taper

10. Coordinate

Following is a discussion of the input data that is common to all longi-
tudinal lines.

1. Skip Code (c.c. L49).

Sometimes a longitudinal line must be defined solely for the
purpose of being a reference line, i.e., & line from which some
other longitudinal line is referred (dimensioned). In this case,
it may not be desirable to have the intersection data of this longi-
tudinal line in the output data. Therefore, to eliminate & longi-
tudinal line from the output data, the digit one (1) should be
entered in the Skip code column. Otherwise, this card column should
be left blank to obtain this intersection data in the output.

2. Remarks (c.c. 50-60).

This space is for entering any identifying and pertinent Re-
marks which describe each longitudinal line. These Remarks will
appear with the dongitudinal line in the output data. It is sug-
gested that Remarks be used freely so that the longitudinal lines
may be readily recognized in the output data.

Following is a discussion of each type of longitudinal line which in-
cludes the usage, the required input data, a sketch, and example of each type.




CHORD

A Chord is by definition a straight line that Jjoins two points on &
circle. Therefore, a Chord longitudinel line is a straight line between
two points on & curve that is concentric with the mainline. The two
points that define the chord longitudinal line are the points of inter-
section of the concentric circle with the two defining bents (Ahead and
Back) of each span. Therefore, the chord longitudinal line will vary
from span to span if the mainline is a circular curve, i.e., the chord
longitudinal line will not be & continuous straight line, but rather a
series of straight segments (chords). If the mainline is a tangent, the
chord becomes & continuous straight line parallel to the meinline. Note
that a chord longitudinal line is directly dependent on the type of mein-
line curve (tangent or circular).

If a bridge is on a curve, it is commom practice to place the beams
on chords of concentric circles with the mainline. The primary purpose
of the chord longitudinal line is to define such a beam line. A chord
longitudinal line may also be used solely as a reference line, i.e., so
other lines may be made parallel to the chord. An example of this is
when all the beams in a spen are made parallel to a chord of the center-
line arc. In this case, a chord longitudinal line of the centerline must
be set up so that the beam lines may be referenced (made parallel) to
the chord. If there is no beam on the centerline arc, then the chord is
actually being used for reference only. If the mainline is a tangent,
the chord longitudinel line may be used to represent other lines, i.e.,
gutter, curb, centerline, and structure limit lines,

Structure limit lines are such lines as the outside edges of the
roadway slab or the outside edge of the sidewalks, etc.

Any number (thirty or less) of chord longitudinal lines may be de-
fined and used in conjunction with all other types of longitudinal lines.
Following are the required input data for defining chord longitudinal
lines.

1. Type Code (c.c. 4-6).

The code "CRD" is used to define & chord longitudinal line.
This code is required with every chord line entered on the lnput
form.

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal lines de-
fined as chords. The chord longitudinal line is always assumed to
be referenced from the mainline. Therefore, the Reference Call
should be left blank.

3. AR From Mainline (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the radial or perpendicular distance from
the mainline to the concentric circular arc of which the longitudinal
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line is a chord. If the concentric arc is inside (toward origin)
the mainline, the dimension is negative. If the concentric arc
that defines the chord is outside (away from origin) the mainline,
this dimension is positive.

Card columns 19-48 of the input form should be left blenk when de-
fining a chord longitudinal line, i.e., no input data is required in
these card columns. The Skip code (c.c. 49) and Remarks (c.c. 50-80)
are discussed on page 51. An example showing how the chord longitudinal
line data 1s entered on the input form is shown on pages T4 and 75.

Following is a sketch showing the characteristics of the chord
longitudinal line.

Chord Iongitudinal Line

Concentric arc

Chord longitudinal Line

To Origin

“"CRD" IONGITUDINAL LINE




B.

ARC

An arc is by definition a portion of a circular curve. Therefore,
an arc longitudinal line is a circular curve that is concentric with the
meinline. The arc line will be a continuous line throughout the range
of the bridge. However, if the mainline is a tangent, the arc longitu-
dinal line will actually be a straight line parallel to the mainline.
Note that the arc line is always the same type (eirculer or straight)
line as the mainline.

If & bridge is on a curve, it is common practice to meske the curb,
gutter, and structure lines concentric with the mainline curve. These
lines can be defined as arc longitudinal lines; in addition, the center-
line or survey line (mainline) may be defined as an arc. The arc line
mey be used as a reference line by a Railing longitudinal line. Curved
girders can also be represented by arc lines.

Any number (thirty or less) of arc longitudinal lines may be defined
and used in conjunction with all other types of longitudinal lines. Fol-
lowing 1is the required input data for defining arc longitudinal lines.

1. Type Code (c.c. 4-6).

The code "ARC" is used to define an arc longitudinal line.
This code is required with every arc line entered on the input form.

2. Ref. Call (c.c. T, 8).

The Reference Call is not required with longitudinal lines de-~
fined as arcs. The arc longitudinal line is always assumed to be
referenced from the mainline. Therefore, the Reference Call should
be left blank.

3. AR From Mainline (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the radial or perpendicular distsnce from
the mainline to the concentric arc. If this dimension is measured
toward the origin, the distance is negative. Otherwise, the distance
is positive (outside mainline).

Card columns 19-48 of the input form should always be left blank
when defining an arc line. The Skip code (c.c. 49) and Remarks (c.c. 50-
80) are discussed on page 51. An example showing how the arc longitudi-
nal line data is entered on the input form is shown on page Th.

On the following page is & sketch showing the characteristics of
the arc longitudinal line.
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Arc longitudinal Line

"ARC" IONGITUDINAL LINE
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RAILING

The railing line is a longitudinal line that is the same type as
some other longitudinal line from which the railing line is referenced.
For example, if a railing line is referenced to an arc longitudinal line,
the railing line will be an arc line. If a railing line is referenced
to & curve taper longitudinal line, the railing line will be & curve
taper line, etc. However, there is one characteristic of the railing
line that is different from the longitudinal line from which it is ref-
erenced. That is, the bent and transverse lines may be intersected with
a railing line, or the bent and transverse lines may be intersected with
the longitudinal line to which the railing is referenced and then turned
radially to intersect the railing line. The sketch clearly shows this
optional feature of the railing line. The option of which intersection
the program is to consider is controlled by the bent and transverse line
input dats which will be discussed on subsequent pages.

The railing line is used to enter the sidewalk railing (for reiling
post spacings) and structure lines (elevations for construction) since
the sidewalk construction joints are usually radial to the gutter line.
Therefore, if a railing line is referenced to the longitudinal line that
represents the gutter line, the bent and transverse lines may be inter-
sected with the railing by turning radiaslly from their intersection with
the gutter line. If both points (see sketch) of intersection are desired
in the output data, the railing or structure line must be defined twice,
i.e., once as a railing longitudinal line and again as another type of
longitudinel line (arc, curve taper, etc.). Note that when a bent or
transverse line is coded to intersect a railing without turning radially
from another longitudinal line, the bent or transverse line will inter-
sect all railing lines in like fashion.

Any number of railing longitudinal lines may be defined and used in
conjunction with all other types of longitudinal lines. However, some
other type of longitudinal line must always be defined when using rail-
ing lines so that the railing lines may be referenced to the other type
of longitudinal line. Railing lines should not be referenced to chord
longitudinal lines when the mainline is & circular curve. Following is:
the required input data for defining railing longitudinal lines.

1. Type Code (c.c. 4-6).

The code "RIG" is used to define a railing longitudinal line.
This code is required with every railing line entered on the input
form.

2. Ref. Call (c.c. 7, 8). Form: xx.

The Reference Call is the Sequence Number (c.c. 2-3) ef the
longitudinal line to which the railing line is referenced. The
Reference Call must always be given when defining e railing longi-
tudinal line. The Reference Call must not be the Sequence Number
of a longitudinal line that is referenced (has a Ref. Call) to some
other longitudinal line. Therefore, the railing line cannot be
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referenced to the following types of longitudinal lines:
l. Railing
2. Paraliel
3. Parsllel thru Intersect Ahead
4, Parallel thru Intersect Back

No other type of longitudinal line may be referenced to a railing
longitudinal line because the railing longitudinal line hes a Ref-
erence Call. The railing line Reference Call cannot be zero or
blank, nor can the Reference Call be greater than the total number
of longitudinal lines. In addition, the Reference Call cannot be
equal to the Sequence Number of the railing line.

3. AR From Reference Line (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the radial or perpendicular distance from
the reference line of the railing (snother longitudinal line) to
the railing line. Note that the railing line is not referenced
from the mainline. If the distance is measured toward the origin
from the reference line, the dimension is negative; otherwise (away
from the origin), the dimension is positive.

Card columns 19-48 of the input form should be ignored when defin-
ing railing longitudinal lines. The Skip code (c.c. 49) and Remarks
(c.c. 50-80) are discussed on page 51. An example showing how the rail-
ing longitudinal line data is entered on the input form is shown on
page Th.

On the following paege is a sketch showing the characteristics of
the railing longitudinal line.

NOTE: The seme railing can be defined more than one time in one set of
longitudinal lines, and each time the railing is defined a different
reference line can be used. This may be advantageous when the transverse
lines turn radially from different railing reference lines to intersect
the railing line.




Railing Iongitudinal Line

Radial (or perpendicular) to Ref. line

optional intersection
points
/
/
/
/
/
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"RLG" LONGITUDINAL LINE
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D.

PARALLEL

A parallel longitudinal line is a straight line that is parallel to
some other longitudinal line (reference line). The reference line of
the parallel longitudinal line must be a straight line, i.e., chord,
straight taper or coordinate longitudinal line. If the parallel line is
referenced to a chord longitudinal line, the parallel line will be a
series of straight lines parallel to the chord line segments. If the
parallel line is referenced to a straight taper or coordinate, the par-
allel line will be a straight line continuous throughout the renge of
the problem.

A parallel line cannot be referenced to a longitudinal line thet is
referenced to some other longitudinal line. Therefore, the following
types of longitudinal lines camnnot be used as a reference line for a
parallel longitudinal line, since each line requires & reference line or
the line is always a curve.

1. Reiling

2. Parallel

3. Parallel thru Intersect Ahead
L., Parallel thru Intersect Back
5. Curve Offset

6. Curve Taper

A parellel line may be referenced to an arc longitudinal line provided
the mainline is a tangent throughout the range of the problem, i.e., the
arc line in this case would be a straight line.

It is common practice to make all the beams in a span on & horizon-
tal curve parallel for simplicity in deteiling and construction. The
parallel longitudinal line can be used to define such beam lines. How-
ever, it is important to note that the parallel lines of adjacent spans
if referenced to chords will not necessarily Jjoin at the bent that sepa-~
retes the spans. Parallel lines may also be used for curb, gutter and
structure lines if the meinline is & tangent throughout the range of the
bridge.

Any number of parallel longitudinal lines may be defined and used
in conjunction with all other types of longitudinael lines. However,
some other type of longitudinal line must always be defined when using
parallel lines so that the parallel lines can be referenced to the other
type of longitudinal line. Following is the required input deta for
defining parallel longitudinal lines.




Type Code (c.c. 4-6).

The code "PAR" is used to define a parallel longitudinal line.
This code is required with every parallel line entered on the input
form.

Ref. Call (c.c. 7, 8). Form: xx.

The Reference Call is the Sequence Number of the longitudinal
line to which the parallel line is referenced (parallel to). The
Reference Call must always be given when defining a parallel longi-
tudinal line, i.e., cannot be zero or left blank. The Reference
Call cannot be greater than the total number of longitudinal lines,
nor equal to the Sequence Number of the parallel line.

AR From Reference Line (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the perpendicular (normel) distance from the
reference line of the parallel line (another longitudinal line) to
the parallel line. DNote that the parallel line is not referenced
(dimensioned) from the mainline. If the distance is measured toward
the origin from the reference line, the dimension is negative; other-
wise (away from the origin), the dimension is positive.

Card columns 19-48 of the input form should be ignored when defining

parallel longitudinal lines. See page 51 for a discussion of the Skip
code (c.c. 49)and Remarks (c.c. 50-80). An example showing how the par-
allel longitudinal line input data is entered on the input form is shown

on page T7.

parallel- longitudinal line.

On the following page is & sketch showing the characteristics of the
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E.

PARALLEL thru INTERSECT AHEAD.

This type of longitudinal line, which will be coded "PIA", is a
straight line parallel to some other longitudinal line (reference line).
The position of the PIA longitudinal line is determined by the intersec-
tion of a concentric circle and the Ahead bent. The radial distance
from the mainline to the concentric circle that defines the PIA line is
the sum of the "AR" dimensions of the reference line and PIA line. Note
that the PIA longitudinal line is not a chord line because the intersec-
tion of the PIA line and Back bent is not the same point as the intersec-
tion of the concentric circle with the Back bent.

The reference line of the PIA longitudinal line must be a straight
line, i.e., chord or straight taper longitudinal line. If the PIA line
is referenced to a chord line, the PIA line will be a series of straight
lines parallel to the chord segments. If a straight taper is used as &
reference line, the PIA line will be & straight line continuous through-
out the range of the problem. A coordinate longitudinal line should not
be used as a reference line for & PIA longitudinal line. The PIA line
mey only be referenced to chord, straight teper and arc (when mainline
is a tangent throughout range of bridge only) longitudinal lines.

It is common practice to make all beams in & span parallel to some
reference line whenever the span is in a horizontal curve. The PIA line
can be used to define such beam lines. The PIA lines can be used in con-
Junction with PIB longitudinal lines (see page 75) in order to make the
parallel lines of adjacent spans meet at a common point at the bent com-
mon to both spans.

Any number of PIA longitudinal lines may be defined and used in
conjunction with all other types of longitudinal lines. Note that some
other type of longitudinal line must always be defined for reference.
Following 18 the required input data for defining PIA longitudinal lines.

1. Type Code (c.c. 4-6).

The code "PIA" is used to define a Parallel thru Intersect
Ahead longitudinal line. This code is required with every PIA line
entered on the input form.

2. Ref. Call (c.c. 7, 8). Form: xx.

The Reference Call is the Sequence Number of the longitudinal
line to which the PIA line is referenced (parallel to). The Refer-
ence Call must always be given when defining a PIA longitudinal
line, i.e., cannot be zero or left blank. The Reference Call can-
not be greater than the total number of longitudinal lines, nor
equal to the Sequence Number of the PIA line.
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F.  PARALLEL thru INTERSECT BACK

This type of longitudinal line, which will be coded "PIB", is a
straight line parallel to some other longitudinal line (reference line).
The position of the PIB longitudinal line is determined by the intersec-
tion of a concentric circle and the Back bent. The radial distance from
the mainline to the concentric circle that defines the PIB line is the
sum of the "AR" dimensions of the reference line and PIB line. Note
that the PIB longitudinal line is not a chord line because the intersec-
tion of the PIB line and Ahead bent is not the same point as the inter-
section of the concentric circle with the Ahead bent.

The reference line of the PIB longitudinal line must be a straight
line, i.e., chord or straight teper longitudinal line. If the PIB line
is referenced to a chord line, the PIB line will be a series of straight
lines parallel to the chord segments. If a straight taper is used as a
reference line, the PIB line will be a straight line continuous through-
out the range of the problem. A coordinate longitudinal line should not
be used as a reference line for a PIB longitudinal line. The PIB line
may only be referenced to chord, straight taper and arc (when mainline
is a tangent throughout range of bridge only) longitudinal lines.

It is common practice to make 8ll beams in a span parallel to some
reference line whenever the span is in a horizontal curve. The PIB line
can be used to define such beam lines. The PIB lines can be used in con-
Junction with PIA longitudinal lines (see page 75) in order to make the
parallel lines of adjacent spans meet at a common point at the bent com-
mon to hoth spans.

Any number of PIB longitudinal lines may be defined and used in
conjunction with all other types of longitudinal lines. Note that some
other type of longitudinal line must always be defined for reference.
Following is the required input data for defining PIB longitudinal lines.

1. Type Code (c.c. 4-6).
The code "PIB" is used to define & Parallel thru Intersect
Back longitudinal line. This code is required with every PIB line

entered on the input form.

2. Ref. Call (c.c. 7, 8). Form: =xx.

The Reference Call is the Sequence Number of the longitudinal
line to which the PIB line is referenced (parallel to). The Refer-
ence Call must always be given when defining & PIB longitudinal
line, i.e., cannot be zero or left blank. The Reference Call cen-
not be greater than the total number of longitudinal lines nor
equal to the Sequence Number of the PIB line.




3. AR From Reference Line (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the radial distance from the concentric
circle that defines the reference line to the concentric circle
that locates the intersection of the PIB line with the Back bent.
If the distance is measured toward the origin, the dimension is
negative. If the distance is measured away from the origin, the
dimension is positive.

Card columns 19-48 of the input form should be left blank when de-
fining PIB longitudinal lines. See page 51 for a discussion of the Skip
code (c.c. 49) and Remarks (c.c. 50-80). An example showing how the PIB
longitudinal line input data is entered on the input form is shown on

page T6.

Following is a sketch showing the characteristics of the PIB longi-
tudinal line.

Concentric arcs

“"PIB" IONGITUDINAL LINE
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CURVE OFFSET

A curve offset longitudinal line is & circular curve that is inde-
pendent of the mainline, i.e., not concentric with the mainline. The
curve offset line is a continuous curve throughout the range of the prob-
lem. The curve offset is always referenced from the mainline. The mRin-
line can be a circular curve or tangent; that is, a curve offset can be
referenced from a tangent mainline as well as a circuler mainline.

] QOccasionally, a portion or one side of a bridge will be on & curve
that is not concentric with the mainline; for instance, when & ramp or
lane separates from the meinline roadway. The curve offset longitudinal
line can be used to define curb, gutter and structure lines in such a
portion or side of the bridge. The program does not have the capacity
to compute a chord of the curve offset longitudinal line. However, the
coordinates of the intersections of the curve offset line with the bents
of each span can be used to define longitudinal lines (coordinate lines)
in another run of the problem. Therefore, beams can be set up as chords
of curve offsets by running the progrem twice.

Any number (thirty or less) of curve offset longitudinel lines may
be defined and used in conjunction with all other types of longitudinal
lines. Following is the required input data for defining curve offset
longitudinal lines.

1. Type Code (c.c. L-6).

The code "COS" is used to define a curve offset longitudinal
line. This code is required with every curve offset line entered
on the input data form.

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal lines de-
fined as curve offsets. The curve offset longitudinal line is al-
ways assumed to be referenced from the mainline. Therefore, the
Reference Call should be left blank.

3. AR From Mainline (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the commom radial distance from the mainline
to the curve offset line when the mainline is & curve. When the
mainline is a tangent, this distance is the perpendiculsr distance
from the mainline to a tangent of the curve offset that is parallel
to the mainline. Actually, both definitions given for this dimen-
sion are synonymous. If the distance is measured toward the origin,
the dimension is negative. Otherwise (away from origin), the di-
mension is positive.
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L. Mainline Control Station (c.c. 19-28). Form: xxxx+xx.xxxx feet.

The Control Station is the mainline station of the point where
the " AR From Mainline” dimension is given. This station is always
required when defining curve offset longitudinal lines. The Con-
trol Station mey be of negative magnitude, and this station is com-
pletely independent of any other station given in the input data.
Note that this station must be a mainline station and not a station
along the curve offset line. A tangent to the curve offset line at
the Control Station will be parallel to a tangent of the mainline
curve at the Control Station.

5. Radius (c.c. 29-38). Form: xxxxxx.xxxx feet.

Enter in this column the radius of the curve offset longitudi-
nal line. This dimension should always be given, and it is required
that this dimension be greater than zero.

Card columns 39-48 of the input form should be left blank when de-
fining a curve offset longitudinal line. The Skip code (c.c. 49) and
Remarks (c.c. 50-80) are discussed on page 51. An example showing how
the curve offset longitudinal line data is entered on the input form is
shown on page T8.

Following is a sketch showing the characteristics of the curve off-
set longitudinal line.

Control Station

curve or tangent

W

Curve Offset Iongitudinal Line

"Cos" LONGITUDINAL LINE
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H.

STRAIGHT TAPER

A straight teper is defined as & line whose distance from the main-
line varies lineally. If the main line is & circular curve, the straight
taper varies lineally from a tangent to the meinline curve. Therefore,
the straight taper longitudinal line will always be a straight line that
is continuous throughout the range of the bridge and which is completely
independent of a change in the mainline from tangent to curve or vice
versa.

Occasionally, one side of a bridge will be on a straight taper from
the mainline, i.e., the beginning of & new lane or ramp, etc. The
straight teper longitudinal line can be used to represent the curb, gut-
ter and structure lines in this caese. In addition, straight taper lines
may be used to enter splayed beams, i.e., non-parallel beams.

A special case of straight taper line usage is when the rate of
taper is set equal to zero. In this case, the straight taper is paral-
lel to the main line. For an example, lets assume & four-span bridge
where & short portion of one end span is in a circular curve — the rest
of the bridge is on a tangent. It is desired to meke this a continuous
unit and extend the beams straight into the curve portion. The beams
can be set up as straight taper longitudinal lines with a zero taper
rate. No other type of longitudinal line can be set up for this type of
usage except the coordinate longitudinal line. However, the coordineates
would have to be computed to define & coordinate line making this alter-
nate somewhat cumbersonme.

Any number (thirty or less) of straight taper longitudinal lines
may be defined and used in conjunction with all other types of longitudi-
nal lines. Following is the required input data for defining straight
taper longitudinal lines.

1. Type Code (c.c. L-6).

The code "STP" is used to define a straight taper longitudinal
line. This code is required with every straight taper line entered
on the input data form.

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal lines de-
fined as straight tapers. Since the straight taper line is always
referenced from the main line, the Reference Call should be left
blank.

3. AR From Meinline (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the distance from the mainline to a point
on the straight taper line and is measured normal (perpendicular)
to the mainline (or mainline tengent). If the distance is meesured
toward the origin, the dimension is negative; otherwise, the dimen-
sion is positive.




4., Meinline Control Station (c.c. 19-28). Form: xxxxxx.xxxx feet.

The Control Station is the mainline station of the point where
the " AR From Mainline" dimension is given. This station is always
required when defining straight taeper longitudinal lines. The Con-
trol Station may be of negative magnitude; and, this station is com-
pletely independent of any other station given in the input data.
Note that this station must be on the mainline and not a station
along the straight taper line.

5. Taper Rate (c.c. 29-38). Form: xxxxxx.xxxx ft./100 ft.

The Taper Rate is the variation of the distance from the main
line to the straight taper line per one hundred feet along the main
line. The Teper Rate is actually the tangent of the angle between
the mainline and straight taper line multiplied by one hundred.

The Taper Rate sign convention is shown in the sketch below.

Card columns 39-48 of the input form should be left blank when de-
fining a straight taper longitudinal line. The Skip code (c.c. 49) and
Remarks (c.c. 50-80) are discussed on page 51. An example showing how
the straight taper longitudinal line data 1s entered on the input form
is shown on page T7.

Following is a sketch showing the characteristics of the straight
taper longitudinal line.

Straight Taper Longitudinal line

curve (tangent to) or
tangent

5 ]

Straight Taper
Iongitudinal Line

Taper Rate (-)

"STP" IONGITUDINAL LINE

A,




CURVE TAPER

A curve taper longitudinal line is a curved line that varies lineal-
ly from & circular curve. This actually makes the curve taper line an
Archimedes spiral, i.e., the radius varies lineally with the distance
along & circulsr arc. This tekes the form: r = k.9, in polar coordi-
nates. The curve taper will be continuous throughout the range of the

" bridge and,therefore, is completely independent of any change in the

mainline from curve to tangent or vice versa.

The curve taper longitudinal line can be used to represent curb,
gutter, and structure lines if a portion of the bridge is in this type
of taper. Occasionally, this type of taper is used when the roadwsay is
being widened in a circular curve. A railing line can be referenced to
a curve taper line. The program does not have the capacity to compute
& chord of the curve taper longitudinal line. However, the coordinates
of the intersection of the curve taper line with the bents of each span
can be used to define longitudinal lines (coordinete lines) in another
run of the problem. Therefore, beams can be set up as chords of curve
taper longitudinal lines by running the program twice.

Any number (thirty or less) of curve taper longitudinel lines can
be used in conjunction with all other types of longitudinal lines. Fol-
lowing is the required input data for defining curve taper longitudinal
lines.

1. Type Code (c.c. L-6).

The code "CTP" is used to define a curve taper longitudinal
line. This code is required with every curve taper line entered on
the input data form.

2. Ref, Call (c.c. 7, 8).

The Reference Call is not required with longitudinal lines de-
fined as curve tapers. The curve taper longitudinal line is always
assumed to be referenced from the mainline. Therefore, the Reference
Call should be left blank.

3. AR From Mainline (c.c. 9-18). Form: xxxxxx.xxxx feet.

This dimension is the radial distance from the mainline to a
point on the curve taper longitudinal line. This distance must be given
at & known station. If the distance is measured toward the origin,
the dimension is negative. Otherwise, the dimension is positive.

4,  Mainline Control Station (c.c. 19-28). Form: xxxx+xx.xxxx feet.

The Control Station is the mainline station of the point where
the "AR From Meinline"” dimension is given. This station is always
required when defining curve taper longitudinal lines. The Control
Station is completely independent of any other station given in the
input date and may be of negative magnitude. Note that this station
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must be & mainline station and not & station along the curve taper
line. This station must be in a circuler curve mainline, i.e., the
mainline cannot be tangent at this station. Note that a tangent to
the mainline curve of any station will be parallel to a tangent to
the curve taper at the same station.

5. Taper Rate (c.c. 29-38). Form: xxxxxx.xxxx ft./100 ft.

The Taper Rate is the change in radius of the curve taper longi-
tudinal line per one hundred feet along the mainline. The Taper
Rate must always be defined when entering curve taper longitudinal
lines, i.e., cannot be left blank or given a value of zero. If the
radius of the curve taper line increases as the stations increase,
the taper rate is positive. If the radius of the curve taper line
decreases as the stations increase, the taper rate is negative.

Card columns 39-48 of the input form should be left blank when de-
fining a curve taper longitudinal line. The Skip code (c.c. 49) and Re-
marks (c.c, 50-80) are discussed on page 51. An example showing how the
curve taper  longitudinal line data is entered on the input form is
shown on pege T78.

Following is & sketch showing the characteristics of the curve taper
longitudinal line. ‘

\\\<:/f——»concentric to mainline

Curve Taper
Iongitudinal Line

Taper Rate (+)

Curve Taper
Longitudinal Line

curve

"CTP" IONGITUDINAL LINE
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COORDINATE

A coordinate longitudinal line is & straight line throughout the
range of the bridge and, therefore, is completely independent of the
mainline. The coordinate line is defined by entering the X and Y coor-
dinates of two points on the coordinate line. The coordinates are as-
sumed,or computed by hand or another program. Note that this program
can be used to compute coordinates that can be used to define coordinate
longitudinal lines in subsequent runs of the problem.

This type of longitudinal line can be used to represent most any
kind of straight line on the bridge provided, of course, the coordinates
are known, i.e., curbs, gutter, beam and structure lines.

Any number (thirty or less) of coordinate longitudinal lines may be
defined and used in conjunction with all other types of longitudinal
lines. Following is the required input deta for defining coordinate
longitudinal lines.

1. Type Code (c.c. 4=6).

The code "COR" is used to define a coordinate longitudinal
line. This code is required with every coordinate line entered on
the input data form.

2. Ref. Call (c.c. 7, 8).

The Reference Call is not required with longitudinal lines de-
fined as coordinate lines. Therefore, the Ref. Call should be left
blank.

3. Coordinates (c.c. 9-48). Form: xxxxxx.xxxx feet.

Note that the input form has a separate heading (format) for
use when entering & coordinete defined longitudinal line. The X-
coordinate of point one is entered in c.c. 9-18, and the Y-coordinate
of point one is entered in c.c. 19-28. The X-coordinate of point
two is entered in c.c. 29-38, and the Y-coordinate of point two is
entered in c.c. 39-48.

The Skip code (c.c. 49) amd Remarks are discussed on page 51. An
example showing how the coordinate longitudinal line date is entered on
the input form is shown on pege TT.

) On the following page is & sketch showing the characteristics of
the coordinate longitudinal line.
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Coordinate longitudinal Line

Point 1
(X,Y)

Point 2 (X,Y)

curve

"COR" ILONGITUDINAL LINE
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SPAN DATA

The SPAN DATA input form is used to define each span of the bridge. One
input sheet is required for each span. However, exceptions can occur if more
than eleven transverse lines are used in & span, or if several spans are com-
bined and entered as one span. The program computes the output data in units
of spans; thet is, the first span is computed and the answers printed before
the second span is considered, etc. Therefore, there is no limitation on the
maximum number of spans that can be processed with each problem. Normelly,
the SPAN DATA input form(s) should always be used. However, when the coordi-
nates of all the points on the bridge are known, i.e., computed some other
method, the COORDINATE input form can be used in lieu of the SPAN DATA form.
Note that the SPAN DATA input can &lso be used in conjunction with the COORDI-
NATE input data.

The solution for each span is completely independent of the solution for
any other span. The spans can be given in any sequence, but it is common
practice to enter the spans in the same order that they are positioned in the
bridge.

Each span consists of two bents and from zero to twenty transverse lines.
Actually, the bents are transverse lines but, since the bent lines define the
span, the bent and transverse lines must be defined separately. The bents
and transverse lines of each span are intersected with each longitudinal line
unless a line is coded to skip the intersection.

The Span Input Data consists of the following data:

1. Spen Identification (one input line).

2. Bent Data (two input lines).

3. T-Line Data (zero to twenty” input lines).

The data listed above will be discussed in detail on the following pages.
Examples and sketches will also be given.

-

¥ An exception will be noted in the discussion of the T-Lines.
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Span Identification (8 SPAN in c.c. 1-5).

The Span Identification consists of data pertinent to the process-
ing of the span and Remarks that identify the span. The Span Identifica-
tion data 1is entered on one line of the input form, and this line is the
first input line of the SPAN DATA input form. The Span Identification
should always contain data except as noted on page 95. An example of
the Span Identification input is not given since it is felt that the in-
structions are adequate. Following are the input data requirements.

1. Span Number (c.c. 7, 8). Form: xx

Enter in this space the span number. Either numbers or
characters may be used, i.e., 1, 2, 3L, 4R, etc. This number will
be given in the output data of the span. There is no sequence check
on the order of the Span Numbers.

2. Number of Transverse Lines (c.c. 10, 11). Form: xx

The Number of Transverse Lines that are going to be defined in
the span should be given in this space. If no T-lines are going to
be defined, this number may be left blank or given a value of zero.
Since the maximum number of T-lines is twenty per span, this number
cannot exceed twenty. Therefore, the Number of Transverse Lines
will vary from zero (0) to twenty (20). Note that this number is
the total number of T-lines in the span and not, necessarily, the
number of T-lines defined on one SPAN DATA input form, i.e., two
sheets can be used when more than eleven T-lines are defined.

3. last Span Code (c.c. 13-16).

The code "IAST" should be entered in this space when filling
in the input data of the last span of the problem. This space
should be left blank in all preceding spans. This code indicates
to the program that no further input data is going to be given after
the present (last) span. Whenever coordinates are used as input
data (on COORDINATE input dete form) after the last span, the last
Span Code should be left blank since additional input data must be
processed.

4,  Remarks (c.c. 16-73).

This space is provided so that the Engineer can enter any
pertinent Remarks describing the span. These Remarks will appear
in the output date of the span.

5. Code for Additional longitudinal Lines (c.c. 7h-76).

Whenever another set of longitudinal lines are going to be de-
fined immediately after a SPAN DATA input sheet, the code "YES"
should be given in card columns Ti-76 of the Span Identification.
Otherwise, these card columns can be used for Remarks. Therefore,
if "YES" is given in these card columns, the program will expect the
next sheet of input data after the span input dete to be ILONGITUDINAL

LINES.
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B. Bent Data (B or A in c.c. 1).

Two lines on the SPAN DATA input form are provided so that the two
bents that define each span can be defined. The bent that begins the
span will be referred to as the Back bent and should always be defined
first, i.e., on the input line with the letter "B" in card column one.
The bent that terminates the span will be referred to as the Ahead bent
and should always be defined next on the input line with the letter "A"
in card column one. The Back and Ahead bent must alweys be given when
defining & span. Note that a bent common to two spans must be defined
twice, once with each span.

Except as noted otherwise, the procedure for defining the Back and
Ahead bent is identical. Following is the input data required to de-
fine the bents.

1. RIG Intersect Code (c.c. 2).

This code is used to indicate to the program which point of
intersection the program is to consider when intersecting the bent
line with the railing longitudinal lines of the span. If the bent
line is to extend straight and intersect the railing lines, the
digit one (1) should be entered as the RIG Intersect Code. However,
if the bent line is to turn at the intersection of the bent line
with the reference line of the reiling line and extend radially
from the reference line to intersect the railing longitudinal line,
the RIG Intersect Code should be left blank or given a value of
zero. Note that the bent line will intersect all railing longitudi-
nal lines in the same fashion. A sketch showing this optional point
of intersection is shown on page 58. This code has no effect on
the intersection of the bent line with other types of longitudinal
lines, nor on any longitudinal lines located between the railing
line and its reference line.

2. Bent Number (c.c. 3, 4). Form: xx.

This space is for entering the number of the bent. This num-
ber can be numeric or alphabetic characters and will appear in the
output data.

3. Remarks (c.c. 37-50).

This space is provided so that the user can enter any pertinent
Remarks that describe the bent. These Remarks will appear in the
output date to assist in the interpretation of the output.

4, Iongitudinal Line Skips (c.c. 51-80).

The Iongitudinal Line Skip is used to instruct the program to
by-pass the intersection of the bent line with some particular
longitudinal line. The digit one (1) is used to indicate that the
intersection is to be skipped. Otherwise, the longitudinal Line
Skip is left blank. For example, if the intersection of the bent
with longitudinal line four (4) is not desired in the output data,
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the digit "1" should be entered in card column 5k. Note that im-
mediately below the ILongitudinal Line Skip heading there are numbers
that correspond to the longitudinal line number (1-30), and immediate-
ly below the longitudinal line numbers are the card column numbers

(51-80).

It is important to note that if the Longitudinal Line Skip is
coded to skip & longitudinal line when defining the Ahead bent, the
length of that longitudinal line from the Back bent to the Ahead
bent will not be given in the output data. Also, when a bent is
coded to skip a longitudinal line, the "Distance to Previous Point"
dimension given in the output dats will be zero in the output date
of the intersection of the bent with the next longitudinal line.
For example, the distance from the point of intersection of the bent
with longitudinal line "n-1" to the point of intersection of the
bent with longitudinal line "n+l1" is not given in the output data
vhen longitudinal line "n" is skipped. If a longitudinal line has
been coded to skip all intersections (the digit one entered in card
column 49 of the longitudinal Line input data) the bent Longitudi-
Iine Skip for that longitudinal line is meaningless, since the bent
will not be intersected with the longitudinal in any event.

Type Code (c.c. 5-8).

The Type Code is used to indicate to the program how the bent
is going to be defined. There are five codes available to the Engi-
neer with which the bent can be defined. They are:

1) SKEW (Skewed at & station)

2)  PARL (Parallel to reference lineat & normal distance)

3) PSTA (Parallel to reference line et & station)

4) PREV (Parallel to bent B at a normal distance or & station)

5) SAME (Same as bent A of preceding spen)

It is left up to the user to select the code and data that can most
conveniently be used to define the bent. Following is & discussion
and sketch of each Type Code, the required input data of each type,
and examples (pages 90-92) showing how the data is entered on the

input data form.




1. "SKEW" Bent

A SKEW type bent is defined by giving the Skew Angle and Sta-
tion of the bent and mainline intersection. Therefore, the Skew
Angle and Station of Bent must be known before this Type Code can
be used to define a bent. This Type Code can be used to define both
the Back and Ahead bent. The SKEW code is not used exclusively to
define bents that are skewed with the bridge, i.e., the other Type
Codes can be used to define bents that are not perpendicular or
radial to the mainline. Card columns 27-36 of the input line should
be left blank when using the SKEW code. Following is the additional
input data required to define a SKEW bent.

a. Station of Bent (c.c. 9-18). TForm: xxxx+xx.xxxx feet.

The station of the point of intersection of the bent with
the mainline should be entered in this space of the input form.
This station may be of negative magnitude.

b. Skew Angle of Bent (c.c. 19-26). Form: xxx deg.,xx min.,Xx.x
sec.

The angle between the bent line and & line that is radial
to the mainline at the 8tation of Bent should be entered on
the input form as the Skew Angle of Bent. The angle is entered
in degrees, minutes, and seconds (to tenths). The sign con-
vention of the Skew Angle is given on page 93. A negative
angle is indicated by entering a minus sign (-) before the
first significant digit of the degrees.

8 = Skew Angle

Station of Bent

Radial or perpendicular
to mainline

Back or Ahead Bent

curve or tangent

"SKEW" BENT
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2. "PARL" Bent

A PARL type bent is defined by first defining a reference line.
The bent is defined to be parallelto this reference line at a given
normal distance from the reference line. The reference line can be
another bent or any arbitrary line; however, the skew angle and main-
line station of the reference line must be known. The reference
line will not be intersected with any of the longitudinal lines.
The Back and Ahead bent may be defined by this Type Code. Follow-
ing is the additional input data required to define a PARL bent.

a. Station of Reference Line (c.c. 9-18). Form: xxxx+xx.xxxx feet.

Enter in this space the station of the intersection of
the reference line with the mainline. This station may be of
negative magnitude.

b. Skew Angle of Reference Line (c.c. 19-26).
Form: xxx deg.,xx min.,xx.x sec.

The angle between the reference line and a line radial to
the mainline at the Station of Reference Line should be entered
on the input form e&s the Skew Angle of Reference Line. The
angle is entered in degrees, minutes, and seconds (to tenths).
See page 93 for the Skew Angle sign convention. A negative
angle is indicated by placing & minus sign (-) before the
first significant digit of the degrees.

C. Normal Distance (c.c. 27-36). Form: xxxxxx.xxxx feet.

Enter in this space the Normesl Distance from the reference
line to the bent line. If the bent is ahead of the reference
line, the distance is positive. Otherwise (vent back of the
reference line), the distance is negative.

© = Skew Angle of Reference Line

Station of Reference Line

’//,_ unknown angle

unknown station

reference line

Radial or perpendicular

to mainline —_ Back or Ahead bent is

\ parallel to reference line

curve or tangent

"PARL" Bent
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3. "PSTA" Bent

A PSTA type bent is defined by first defining a reference line.

The bent 1is defined to be parallel to this reference line at a given
station. The reference line can be another bent or any arbitrary
line; however, the skew angle and meinline station of the reference
line must be known. The reference line will not be intersected
with any of the longitudinal lines. The Back and Ahead bent may be
defined by this Type Code. Following is the additional input data
required to define a PSTA bent.

8.

reference line —ﬂ\

Radial or perpendicular

to mainline

Station of Reference ILine (c.c. 9-18). Form: xxxx+xx.xxxx feet.

Enter in this space the station of the intersection of
the reference line with the mainline. This station may be of
negative magnitude.

Skew Angle of Reference Line (c.c. 19-26).
Form: =xxx deg.,xx min.,xx.X sec.

The angle between the reference line and a line radial to
the mainline at the Station of Reference Line should be entered
on the input form as the Skew Angle of Reference Iine. The
angle is entered in degrees, minutes, and seconds (to tenths).
See page 93 for the Skew Angle sign convention. A negative
angle is indicated by placing a minus sign (=) before the
first significant digit of the degrees.

Station of Bent (c.c. 27-36). Form: xxxx+xx.xxxx feet.
Enter in this space the station of

the intersection of the bent with the mainline. This station

may be of negative magnitude.

tangent

® = Skew Angle of Reference Line

A

L unknown distance

\ “(—::;»— unknown angle
o f
< Back or Ahead bent is
K}Q parallel to reference line
%x? & °
~ curve

Y

"PSTA" Bent

- 86 -




L, "PREV" Bent

A PREV type bent can only be used to define the Ahead bent
(A in c.c. 1). The PREV code indicates that the Ahead bent (being
defined) is parallel to the Back bent (already defined). The Ahead
bent is defined further by giving the normal distance from the Back
bent to the Ahead bent OR (not both) the mainline station of the
Ahead bent. Card columns 19-26 of the input data line should
left blank. Following is the additional input data required to de-
fine a PREV bent.

a. Station of Bent (c.c. 9-18). Form: xxxx+xx.xxxx feet.

If the station of the Ahead bent is known (Normal Distance
is unknown), that station should be entered in this space.
The station may be of negative magnitude. If the station is
not known, the Normal Distance must be given, and this space
is left blank. If both the Station and Normal Distance are
known, either one may be given in its proper place.

b. Normel Distance (c.c. 27-36). Form: xxxxxx.xxxx feet.

If the Normal Distance from the Back bent to the Ahead
bent is known (Station of Bent is unknown), that distance
should be entered in this space. The distance should always
be positive since the Ahead bent is ahead of the Back bent by
definition. If the Normel Distance is not known, the Station
of Bent is given, and this space is left blenk.

Normal
Di?E?nce

Back bent — *
. \\\\\ Station of Bent (Ahead)

Ahead bent is parallel to the
Back bent, and Normal Distance ———s=
or Station of Bent is known.

curve or tangent

M

"PREV" Bent (Use to define Ahead bent only)




5. "SAME" Bent

The SAME type bent can only be used to define the Back bent
(B in c.c. 1). This code indicates that the Back bent is identi-
cal to the Ahead bent of the previous span. Therefore, this code
cannot be used to define the Back bent of the first span of the
problem, i.e., there is no previous span of that problem. The only
input date required are the longitudinal Line Skips and Type Code
(SAME). The other input data (RIG Intersect Code, Bent Number, Re-

marks, etc.) are not required.

The SAME Type Code cen be used even though & new set of longi-
tudinal lines may have been defined immediately before the Span Data,
i.e., the previous Ahead bent is not affected. The Longitudinal
Line Skips are required since the previous Ahead bent skips may not

be valid.

l«—— BRack bent of span "n+l" is
‘i‘%\ "SAME" as Ahead bent of
O "1
%

span 'n'.

"SAME" Bent (Use to define Back bent only)
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SUMMARY OF BENT INPUT DATA

TYPE Code (c.c.5-8) and Input Date

Card Columns
SKEW PARL PSTA PREV SAME
2 RIG INT. RIG INT. RIG INT. RIG INT.
Code Code Code Code
3,4 Bent Bent Bent Bent
Number Number Number Number
9-18 Station Station Station Station
of Bent of Refer- of Refer- of Bent
ence Line ence Line if Normal
Distance
is unknown
19-26 Skew Skew Skew
Angle of Angle of Angle of
Bent Reference Reference
Line Line
27-36 Normal Station Normal
Distance of Bent Distance
from Ref- if Station
erence of Bent is
Line unknown
37-50 Remarks Remarks Remarks Remarks
51-80 Iongi- Iongi- Longi~ Iongi- Longi-
tudinal tudinal tudinal tudinal tudinal
Line Line Line Line Line
Skips Skips Skips Skips Skips
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Transverse Lines (T-Lines).

Transverse lines are lines that normally run across the bridge and are
not classified as bent lines. The program has the capacity for twenty such
lines per span. T-Lines usually lie between the Ahead and Back bent. How-
ever, this is not a program requirement since the T-lines are allowed to be
outside the range of the span. Xach T-Line along with the Ahead and Back
bent will be intersected with each longitudinal line and the various data
of each intersection point given in the output. T-Lines can be used to
represent most any type of transverse line. Following is a list that shows
several examples of T-Line usage, and the purpose for each usage.

1. Centerline of bearings

The finished grade elevations (output) at the centerline of bear-
ings can be used for substructure elevations when adjusted for slab,
beam depth, etc. During construction, these elevations can be used to
check the top of beam elevation for any adjustment in the coping depth.

2. Diaphragms

The length, distance from bent, and angle between the diaphragm
and various longitudinal lines, which are given in the output, can
be used for detailing purposes.

3. Substructure lines

Other substructure lines can be used to compute elevations in
order to obtain the substructure elevations, i.e., face of substructure
cap. The face of the substructure cap in the case of the end bent can
be used in meny instances to assist in computing railing post spacings.

4, Construction Joints

The finished grade elevations at the comstruction joints can be
used by the field Engineer during construction to set screed elevations.

5. Splice points of beams
The finished grade elevations at the splice points can be used
to determine beam slopes. This is particularly true if a continuous
unit is used in a vertical curve or transition superelevation.
6. Span division lines
The span can be arbitrarily divided by lines in order to compute
elevations for construction purposes, i.e., quarter points, third
points, tenth points, etc.
T Road underneath lines
The edge of paving, shoulder, etc. of the road underneath can be

entered as a T-ILine of the bridge above in order to assist in comput-
ing clearances.
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The list of T-Line usage given on the preceding page is by no mesans
a complete list. However, the lines listed are probably used most often,
and they are listed for the purpose of illustrating how and why T-Lines
are used.

The input data necessary to define each T-line is entered on one
line of the input form (an exception will be noted later). Tae SPAN DATA
input form provides eleven input data lines for entering the T-ILines. If
more than eleven T-Lines are going to be entered in any one span, addi-
tional lines can be attached to the bottom of the input form, or an addi-
tional SPAN DATA input form can be used to enter the additional T-Lines.
However, when an additional input form is used, the Span Identification
and Bent Data should be left blank on the second SPAN DATA input form of
the span since a new span is not being defined, i.e., used solely to enter
T-Lines. Note that when using an additional sheet for T-Lines, or attach-
ing T-Lines to the bottom of the SPAN DATA input form, the Line Number
(c.c. 2, 3) which is given on the input form will have to be changed so
that two T-Lines will not have the same number, i.e., T-Lines must be de-
fined in numerical sequence.

The letter "T" is required in card column one of each T-Line input
data line. This is used by the program for identification purposes. A
Line Number is required in card columns 2 and 3 of the input data lines.
This number is assigned to the T-Line and will be associated with the
output data of the T-Line. When more than eleven T-Lines are used per
span, make sure that the letter "T" and the appropriate Line Number are
entered on the additional T-Line input data lines. Note that the letter
"P" and Line Number have already been entered on eleven lines of the in-
put form. Following is the input data common to all types of T-Lines.

1. RIG Intersect Code (c.c. 36).

The RIG Intersect Code for the T-Line functions in the same man-
ner as the RIG Intersect Code for the bent lines. See the discussion
on page 82 and the sketch on page 58. Note that the intersecting of
8 T-Line and any type of longitudinal other than a railing longitudi-
nal line is found by extending the T-Line straight regardless of the
position of that longitudinal line. When defining a "CONS" First Code
T-Line, the RIG Intersect Code has no meaning and should be left blank.

2. Remarks (c.c. 37-50).

This space is provided so that the user can enter any pertinent
Remarks that describe the T-Iine. The Remarks given here will appear
in the output data to assist in the interpretation of the output.

3. Iongitudinal Line Skips (c.c. 51-80).

The Iongitudinel Line Skips for the T-Lines function in the same
manner as the Iongitudinal Line Skips for the bent lines. See the
discussion on page 82. Note that when an intersection is skipped, the
output will contein no date relating to that point of intersection.




Two codes are used to indicate how the T-Line is going to be defined:
First Code and Second Code. The First Code denotes how the direction or
slope of the T-line is defined, and the Second Code denotes how the posi-
tion of the T-Line is going to be defined. There are five available First -
Codes. From one to three different Second Codes are available in conjunc-
tion with each First Code. Following is a list of the five First Codes
and the Second Codes that are available with each.

First Code Second Code
1. PARL NORM
DIST
PROP
2. ANGL DIST
PROP
3. PTPT DIST
PORP
COOR
k. SKEW STAT
5. CONS DIST
PROP

From the above list, it can be seen that there are eleven possible
combinations of First and Second Codes. For every T-Line that is defined,
the user must decide how that line can be most conveniently defined. That
is, what data is available to define the line and what Codes can best be
used with the available data to define the T-Line. The five available
First Codes are discussed in detail on the following pages. The required
input data for each available Second Code is given in the discussion of
each T-Line First Code. Examples of T-Lines defined on the input form
are given on pages 110 to 113.
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1. "PARL" T-Line

The "PARL" First Code defines a straight T-Line that is parallel to

either the Ahead or Back bent. A T-Line cannot be defined as being paral-
lel to any other type of line, i.e., another T-Line or reference line.

A T-Line is designated as parallel to a bent when the Code "PARL" is
entered in card columns 4-7 of the T-Line input date line. The position
of the "PARL" T-Line can be defined by any one of three available options.
The option or method that is used must be indicated by the Second Code.

The three Second Codes and the required input date for each are as follows.

First and Second Code Required Input Deta

PARI/NORM Reference Bent, Normal distance
PARL/DIST Reference Bent, Distance, Reference Line
PARL/PROP Reference Bent,Proportion,Reference Line

Reference Bent (c.c. 12). A or B

The Reference Bent indicates the bent to which the "PARL" T-Line
is parallel. Therefore, this Reference Bent designation is always
required with a "PARL" First Code, regardless of the Second Code
that is used. Enter the letter "A" to indicate that the "PARL"
T-line is parallel to the Ahead bent, and the letter "B" is used to
orient the "PARL" T-ILine parallel to the Back bent. Any other
character or number entered in this card column will cause an Error
Messege and terminate the processing of the problem. The program
will not assign & bent by default when an invalid character is found.

Normal, Distance, or Proportion (c.c. 13-22).
Form: xxxxxx.xxxx feet or ratio.

The date entered in this space on the input form depends on the
Second Code used with the "PARL" T-Line.

If the Normal distence from the bent to the T-Line is known,
the Second Code can be given as "NORM" and the Normal distance
entered in this space on the input form. The Normal distance can
be given in either direction from either bent.

If the Distance, measured along a longitudinal line, from the
bent to the T-Iine is known, the Second Code can be given as "DIST"
and the Distance entered in this space on the input form. This
Distance can be measured in either direction from either bent and
along any type of longitudinal line (curve or straight).

If the distance from the bent to the T-Line is to be a Propor-
tion of the length (from the Back bent to the Ahead hent) of the
longitudinal line that the distance is measured along, the Second
Code can be given as "PROP" and the Proportion (ratio) entered in
this space on the input form. The Proportion distance can be mea-
sured in either direction from either bent and along any type of
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longitudinal line.

¢. Reference Line (c.c. 23, 24). Form: xx

If the Second Code is "DIST" or "PROP", the number of the longi-
tudinal line that the Distance or Proportion distance is measured
along must be entered in this space. If the Second Code is "NORM",
this space should be left blank.

Card columns 25-35 should be left blank when defining "PARL" T-Lines.
Following is a sketch showing "PARL" T-Lines and the sign convention for

the various data.
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2. "ANGL" T-Line

The "ANGL" First Code defines a straight T-Line that is at a known
angle with a longitudinal line. A T-Line cannot be defined as being at
an angle with a curve longitudinal line, i.e., the longitudinal line
must be straight. A T-line is defined at an angle with & longitudinal
line by entering the Code "ANGL" in card columns 4-7 of the T-Line input
data line. The position of the "ANGL" T-Line can be defined by either
one of two available options. The option or method thet is used is indi-~
cated by the Second Code. The two Second Codes and the required input
date for each are listed as follows.

First and Second Code  Required Input Data
ANGL/DIST Reference Bent,Distance,Reference lLine,Angle
ANGI/PROP Reference Bent,Proportion,Reference Line,Angle
a. Reference Bent (é.c. 12). ‘A or B

The Reference Bent is the bent from which the Distance or Propor-
tion distence is measured to locate the "ANGL" T-Line. This Reference
Bent is always required with a "ANGL" First Code, regardless of the
Second Code. Enter the letter "A" to indicate that the "ANGL" T-Line
is going to be located by measuring from the Ahead bent, and the let-
ter "B" is used to designate that the distance (absolute or propor-
tion) is measured from the Back bent. All other characters are in-
valid and will cause an Error Message and terminate the processing
of the problem.

b. Distance or Proportion (c.c. 13-22). Form: xxxxxx.xxxx feet or ratio.

The data entered in this space of the input form depends on
the Second Code used with the "ANGL" T-Line.

If the Distance (must be measured along & longitudinal line and
from the Ahead or Back bent) from a bent to the T-Line is known,
the Second Code can be given as "DIST" and the Distance entered in
this column of the input form. However, the Distance must be along
the same longitudinal line from which the Angle is going to be mea-
sured. Therefore, the Distance must be measured along a straight
longitudinal line. However, the Distance can be measured in either
direction for either bent.

If the distance from the Reference Bent to the T-Line is to be
a Proportion of the length of the longitudinal line that the dis-
tance is measured along, the Second Code can be given as "PROP" and
the Proportion (ratio) entered in this column of the input form.
All other criteria is the same as for the "DIST" Second Code.

C. Reference Line (c.c. 23, 2&). Form: xx.

The number of the longitudinal line along which the Distance
or Proportion distance is measured, and from which the Angle is
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measured, should be entered as the Reference ILine. Only the number
of a straight longitudinael line is valid.

Angle (c.c. 25-32). Form: xxx deg.,xx min.,Xx.Xx sec.

Enter in this space the Angle between the T-Line and the longi-
tudinal line (Reference Line). This Angle should always be given
in degrees, minutes and seconds (to tenths) and should always be
measured from the same longitudinal line that the Distance or Propor-
tion distance is measured along. The Angle should always be an
acute ( £ 90 degrees) angle. However, the Angle may be of negative
magnitude. Note that an Angle equal to zero makes the T-Line col-
linear with the longitudinal line and, therefore, a value of zero
is invalid. Note that a dotted line on the input form separates the
columns for degrees, minutes and seconds.

Card columns (33-35) should be left blank when defining "ANGL"

T-Iines. Following is a sketch showing "ANGL" T-Lines and the sign con-
vention of the required input data.

curve

p=— Ahead
bent

k = Proportion (ratio)

ﬂﬁ‘jjpﬁ : ® = Angle (8ign convention is shown for
a8 left curve; reverse sign conven-
tion for a right curve.)

"ANGL" T-LINES
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3. "PTPT" T-Line

The "PTPT" (Point Point) First Code is used to indicate that the
T-Line is going to be defined by identifying two points on the T-ILine,
i.e., & straight line between two points. Such a T-Line is indicated
by entering "PTPT" in card columns 4-7 of the T-ILine input data line.

The two points, if not defined by coordinates, must be located on the
longitudinal lines. The points that determine the T-Line can be defined
by any one of three available options. The option or method that is used
is indicated by the Second Code. The three Second Codes and the required
input data for each type are as follows.

First and Second Code Required Input Data
PTPT/DIST (Point 1) Reference Bent,Distance,Reference Line
(Point 2) Reference Bent,Distance,Reference Line
PTPT/PROP (Point 1) Reference Bent,Proportion,Reference Line
(Point 2) Reference Bent,Proportion,Reference Line
PTPT/COOR ' (Point 1) X-Coordinate, Y-Coordinate
(Point 2) X-Coordinate, Y-Coordinate

a. Reference Bent (c.c. 12 and c.c. 33). A or B

The Reference Bents are the bents from which the Distances or
Proportion distances are measured in order to locate the points
that define the T-Line. The Reference Bents are not required when
defining a "COOR" Second Code T-Line since the input will actually
be coordinates, i.e., independent of the Ahead or Back bent.

Each point (except coordinate point) is identified by measur-
ing a Distance or Proportion distance from the Reference Bent (Back
or Ahead bent) along a Reference Line (longitudinal line). Either
point of the T-Line can be located from either bent. That is, each
of the two points that define the "PTPT" T-Line is independent of
the other. "A" is used to indicate that the point is located from
the Ahead bent, and "B" is used to indicate that the point is located
from the Back bent. Any character other than "A" or "B" will cause
an Error Message and terminate the problem. Note that two Reference
Bents (one for each point) must be given. The Reference Bent (A or
B) for point one is given in card column 12, and the Reference Bent
(A or B) for point two is given in card column 33. Which point is
designated as point one, or point two, is arbitrary.

b. Distance, Proportion, or X-Coordinate (c.c. 13-22).
Form: xxxxxx.xxxx feet or ratio.

The data entered in this space of the input form depends on
the Second Code that is used with the "PTPT" T-Line.

If the points that deftne the T-Iine are located by Distances

from the Reference Bents (Ahead or Back) along the Reference Lines
(longitudinal lines), the Second Code should be given as "DIST" and
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the Distance from the Reference Bent (c.c. 12) to point one given
in this column of the input form. The Distance can be measured
from either bent, in either direction, and along any type of longi-
tudinal line.

If the distances from the Reference Bent to the points that
define the T-Line are given as Proportions of the length (from the
Back bent to the Ahead bent) of the Reference Lines (longitudinal
lines), the Second Code should be given as "PROP" and the Propor-
tion (ratio) for point one entered in this column of the input form.
The Proportion distance can be measured from either bent, in either
direction, and along any type of longitudinal line.

If the T-Line is defined by the coordinates of two points, the
Second Code should be given as "COOR" and the X-coordinate of point
one entered in this column of the input form.

Reference Line (c.c. 23, 24 and 34, 35). Form: xx

If the Second Code is "DIST" or "PROP", the number of the longi-
tudinal line (Reference Line) on which each point is located must be
given in these input data columns. The number of the longitudinal
line on which point one is located is given in card columns 23 and
24, and the number of the longitudinal line on which point two is
located is given in card column 34 and 35. Note that both points
of a "PTPT" T-lLine cannot be located on the same longitudinal line.

If the Second Code is "COOR", these columns should be left
blank, i.e., the coordinate input data is independent of the longi-
tudinal lines.

Distance, Proportion, or Y-Coordinate (c.c. 25-32).
Form: xxxx.xxxx feet or ratio.

The data required in this column depends on the Second Code
and the data that is entered in card column 13-22, i.e., the same
type of data should be entered in this column that was entered in
card columns 13-22.

If the Second Code is "DIST", the Distance (along the longi~
tudinal line given in card columns 34, 35) from the Reference Bent
(c.c. 33) to point two should be entered in this column of the in-
put form. This Distance can be measured from either bent, in either
direction, and along any type of longitudinal line.

If the Second Code is "PROP", the Proportion used to locate
point two should be entered in this column. This Proportion dis-
tance can be measured from either bent, in either direction, and
along any type of longitudinal line.

If the T-line is defined by coordinates, the Y-Coordinste of
point one should be entered in this column of the input form.
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If the T-ILine is defined by coordinates, an additional input line
is required to enter the coordinates of point two. The X and Y Coordi-
nates of point 2 are entered in the same card colums of the second line
that was used to enter the coordinates of point one, i.e., the X-Coordinate
is entered in card columns 13-22, and the Y-Coordinate is entered in card
colums 25-32. It is suggested that the blank space between the input
lines be used to enter these coordinates. The only other data required
in the second coordinate input line is the letter "T" which should be put
in card column one. However, the next T-Line input data line can be used
to enter the coordinates of the second point. But, if additional T-Lines
are used, the Line Number (c.c. 2, 3) must be adjusted on the subsequent
T-Lines, i.e., the two lines required to enter the coordinates of the two
points define only one T-Line.

Following is a sketch showing the “PTPT" T-Lines.
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L. "SKew" T-Line

The "SKEW" First Code defines a straight T-Line that is at a known
Station and Skew Angle with the mainline. Therefore, the "SKEW" T-Line
is completely independent of the bent and longitudinal lines. There is
only one type of "SKEW" T-Iine available, and the Second Code for this
T-Line is "STAT". Actually, since there are no alternate Second Codes,
the "STAT" Second Code is not required. The required input data is as

follovws.
First and Second Code Required Input Data
SKEW/STAT Mainline Station of T-Line,Skew Angle of T-Line

a. Station (c.c. 13-22). Form: xxxx+xx.xxxx feet.

The mainline Station of the intersection of the T-Line and main-
line should be given in this column. The Station may be of negative
magnitude.

b. Skew Angle (c.c. 25-32). Form: xxx deg.,xx min.,xx.x sec.

Tne Skew Angle that should be entered in this column of the
input form is the angle between a line radial (or perpendicular) to
the mainline, at the Station of the T-Line, and the T-Line. The
Skew Angle is given in degrees, minutes and seconds (to tenths).
Note that & dotted line on the input form separates the degree,
minute, and second columns. The sign convention for the Skew Angle
is the same as for the bents. ’

Card columns 12, 23, 24, 33-35 should be left blank when defining
"SKEW" T-Lines. Following is a sketch showing the "SKEW" T-Line.
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5. "CONS" T-Line

The "CONS" T-Lines are not straight lines but rather a series of
points that may or may not lie in a straight line. These points are
located on the longitudinal lines. Each "CONS" T-Line locates one point
on each longitudinal line that has been defined. The locations of the
points are determined by a given Distance, or Proportion ratio for dis-
tance, from either the Ahead or Back bent. The Distance or Proportion
is constant to all points. Note that although the Proportion remeins
constant for all longitudinal lines, the actual distances (Proportion
multiplied by the lengths of the longitudinal lines) from the bents to
the points can vary since the length of the longitudinal lines (from
bent to bent) mey vary. If the actual Distance is given, the variation
in the lengths of the longitudinal lines has no effect on the location
of the points. Since the "CONS" T-Line is a series of points, the RIG
Intersect Code is meaningless and should be left blank. Following is
the input data requirements.

First and Second Code Required Input Data
CONS/DIST Reference Bent, Distance
CONS/PROP Reference Bent, Proportion

a. Reference Bent (c.c. 12). A or B.

Enter the letter "A" if the Distance or Proportion distance is
meagured from the Ahead bent. The letter "B" will indicate that
the Distance or Proportion distance is to be measured from the Back

bent. All other characters are invalid, i.e., cause an Error Message.
Distence or Proportion (c.c. 13-22). Form: xxxxxx.xxxx feet or ratio.

The data that is entered in this column of the input form depends
on the Second Code used with the "CONS" T-Line.

If the Distance (constant for all longitudinal lines) measured
along the longitudinal lines from the bent to the points is known,
the Second Code can be given as "DIST" end the Distance entered in
this column of the input form. This Distance can be measured in
either direction from either bent and along any type of longitudi-
nal line.

If the distance from the bent to each point is to be & Propor-
tion of the length of the longitudinal line that the distance is
measured along, the Second Code can be defined as "PROP" and the
Proportion (ratio) entered in this column of the input form. This
Proportion distance can be measured in either direction from either
bent along any type of longitudinal line.

Card columns 23-36 should be left blank when defining "CONS" T-Lines.

On the following page is a sketch showing the "CONS" T-Line and the sign
convention of the input data.
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COORDINATE TYPE INPUT

The COORDINATE input form is used to enter the coordinates of known points
on the bridge. Therefore, the coordinate input must be computed by hand or by
some other program. The program requires that the bridge and the coordinate
input data be oriented on the same X and Y coordinate axis system. The Coordi-
nate input date can be used in lieu of, or in conjunction with, the Span input
data. That is, the program can compute the intersections of T-Lines and longi-
tudinal lines of a span and then compute the various output data from Coordi-
nate input data, or vice versa, all in the same problem. If the point defining
input data consists solely of coordinates (no Span Data), the first Coordinate
input sheet should follow the longitudinal Line input data sheet. Although
the longitudinal lines are not used when computing the output data for the
coordinete input date, at least one longitudinal line must slways be defined
when using point defining input date that consists entirely of coordinates.
When Ceordinate and Span input deta are used in the same problem, the sequence
of the Coordinate and Span input data is immaterial.

The progrem has the capacity for related coordinate points to be grouped
into units, analogous to the Span input data, by using two or more sheets of
Coordinate input data. The program will skip to the beginning of & new page
when & new unit (another input sheet) is given. ’

The COORDINATE input date form consists of two types of input data lines.
They are: Coordinate Identification and Coordinate Point.

A. Coordinate Identification (8COOR in c.c. 1-5).

The Coordinate Identification is used to identify each unit of re-
lated points. This input line should always be filled in except in the
following case. If more than thirty points are in & unit, a second
Coordinate input sheet can be used to enter the remaining points after
thirty points have been entered on the first Coordinate sheet. The
Coordinate Identification of the second sheet of Coordinate input would
be left blank.

The total Number of Points in the unit should be entered in card
columns 10, 1l. This number should not be zero nor greater than ninety-
nine. Whenever the last unit of coordinates are entered, and no Span
Data is to follow, the code "IAST" should be entered in card columns
13-16. This signifies that after processing the unit of coordinate
points- the problem is to be terminated. Any pertinent Remarks that
describe the unit of coordinate points are entered in card columns 18-48.
These Remarks will head the output listing of each unit.

B. Coordinate Point (CP in c.c. 1,2).

Esch COORDINATE input form contains thirty (30) Coordinate Point
input lines. The X and Y coordinates of each point are entered on one
Coordinate Point input line. There is no limitation on the number of
points that can be entered except that only ninety-nine are allowed
per unit. However, any number of units may be used. A Sequence Number
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is given in card columns 3, 4. However, the sequence of the points is
not checked by the program. This number will appear in the output date
of each point.

1. Point Identification (c.c. 5-8).

This space is provided so that each point can be labeled with a
short alphabetic or numeric code. This information will be given in
the output data of each point. If the Sequence Number is sufficient
to identify the point, this space can be left blank.

2. X-Coordinaste (c.c. 9-18). Form: xxxxxx.xxxx feet.

Enter in this column the X-Coordinate of the peint. This coordi-~
nate can be zero only when the Y-Coordinate is not zero.

3. Y-Coordinate (c.c. 19-28). Form: xxxxxx.xxxx feet.

Enter in this column the Y-Coordinate of the point. This coordi~
nate can be zero only when the X-Coordinate is not zero.

k., Remarks (c.c. 29-48).

Enter in these card columns any pertinent Remarks that describe
the point. These Remearks will be given in the output data of each
point.

The output datae of each point consists of the following information.
1. Sequence Number of point.
2. Station of point.
3. Finished grade elevation of point.

4, Distance (radial or perpendicular to mainline) from point to
mainline.

5. X-Coordinate of point.
6. Y-Coordinate of point.
7. Point Identification.

8. Remsarks.
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IV. THE OUTPUT DATA

In the following discussion of The Output Deta, refer to the output data
of one of the example problems. All dimensions (Distances), Stations, Eleva-
tions,and Coordinates are given in feet. Angles are given in degrees, minutes,
and seconds (to tenths).

The output data will contain, in addition to the data computed by the pro-
gram, the input data given on the input date forms. This input data listing
can be used to check against the data entered on the input forms and, in addi-
tion, used as & permanent part of the record of the problem. The first page
of the output data is & listing of the Iayout Data which is given on the first
page of the input data forms. Suitable headings are given so that this output
is easily recognized. All blank numeric input data fields are listed as zero.

The second page of the output data is a listing of the Iongitudinal Lines,
also with headings. The heading "DR / X1" indicates that the data in that
column is & "AR" dimension or X-Coordinate. The heading "STA./ Y1" identi-
fies the date in that column as a Station or Y-Coordinate. The heading
"R / R/ X2" indicates a Taper Rete, Radius, or X-Coordinate is listed in
that column. The date listed in the columns of the headings mentioned above
depends on the type of longitudinal line. Whenever more thean one set of Longi-
tudinal lines is used, the additional Iongitudinal Lines are listed in the out-
put data when they eppear in the input deta, i.e., immediately following the
output data of the preceding span.

The input data of each span with headings is listed in the output data
immediately preceding the computed output date for that span. The heading
"STA./NORM." given in the Bent Date identifies the data in that column &s a
Station or Normel distance. The heading "S/N/D/P/X" given in the listing of
the T-Line input data indicates that the data in that column is & Station,
Normal distance, Distance, Proportion or X-Coordinate, depending on the type
of T-Line being listed. The heading "A/S/D/P/Y" identifies the data in that
column &s an Angle, Skew angle, Distance, Proportion, or Y-Coordinate, again
depending on the type of T-Line being listed.

THE SPAN OUTPUT DATA

The Span Qutput Date will contain the various computed data for each
point of intersection of the longitudinal lines with the T-Lines. The first
line of the Span Output will contain the Span Number and Problem Number for
identificetion.

Bent Data

The Bent Data of the Span Qutput Data contains the Bent designation (A
or B), Bent Number, Station, Skew Angle, Remarks, and Type for each of the
two bents that defines the span. The Station of the bent is the station of
the point of intersection of the bent with the meinline. The Skew Angle is
the angle between & line radial to the mainline at the Bent Station and the
bent line. The same sign convention applies to the output Skew Angle that
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applies to the input Skew Angles. If the Station and Skew Angle of the bent
are not given in the input data, the program will compute this data. There-
fore, the program cen be used to compute bent Skew Angles and Stations when
they are not otherwise known. The Bent Number, Remarks and Type are a repeat
of the input date. The Bent designation "A" identifies the Ahead bent, and
"B" identifies the Back bent. The Bent Data of the Back bent is listed first,
and the data for the Ahead bent is listed immediately following.

Iongitudinal Line Output

The deta computed for the points of intersection of the bents and T-Lines
with & longitudinal line is given in the output of that longitudinel line.
The heading for the output of each longitudinal line will contain the Sequence
Number, Type and Remarks that were given in the input data when defining the
longitudinal line. Following is an example.

"IONG. LINE L4 CRD BEAM C"

The next line of the output data contains the headings for the data computed
at the points of intersection of the bent and T-Lines with the longitudinel
line.

All intersections with longitudinal line one (1) are listed first. The
data for one intersection point is given on each line, asnd this data is listed
immediately below the longitudinal line and data headings. The number of inter-
section points (lines) given in each longitudinal line output will depend on
the number of T-Lines, and the number of T-Lines coded to skip that longitudi-
nal line. For exemple, if T-Line two (2) has been coded to skip longitudinal
line one (1), this T-Line will not appear in the output of longitudinal line
one. The date for the Back bent intersection with the longitudinal line is
listed first. Next, the data for the intersections of the T-Lines with the
longitudinal line is given, and in the same order that the T-Lines were de-
fined in the Span Data input. After the T-ILine intersection data is listed,
the data for the Ahead bent intersection with the longitudinal line is given.
This process of listing the intersection point date for the Back bent, T-Lines,
and Ahead bent with & longitudinal line is repeated for each longitudinal line
beginning with longitudinal line one (1). Note that when & longitudinal line
hes been coded to be skipped (used as reference line only), the longitudinal
line will not appear in the output dete and, therefore, the intersection point
data of the bents and T-Iines with that longitudinal line will be omitted in
the output data. In contrast, when a T-Line is coded to skip a longitudinal
line, only one intersection point is skipped in the output for each code used.
For example, if T-Line two (2) is coded to skip only longitudinal line four (4),
the intersection data of this T-Line with the other longitudinal lines will be
given in the output deta of those longitudinal lines.

The Distances, Stations, Elevations, and Coordinates listed in the output
date are given to four decimal positions and have been rounded off to the
nearest ten-thousendth. If the fractionel part is exactly equal to zero, only
one decimal position (a zero) is given. Beginning on the next page is & dis-
cussion of the data given in the output of each point of intersection of a
T-Line or bent with & longitudinal line. The output data headings are shown
in parentheses.
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Transverse Line Notetion (PT-LINE).

The data for the intersection point of & T-Line or bent with the
longitudinal line is given on one output data line. The T-Line Notation
is used to identify the transverse line for which the data is given. The
longitudinal line will have been noted in the longitudinal line heading.
The letter "B" indicates the transverse line is a bent, and the letter
"M jdentifies & T-Iine. In addition to the letter Code (B or T), the
T-Line Notation will include the Bent Number or Line Number of the T-Line,
whichever the case may be. Following is an example of the T-Line Nota-
tions. Assume that the intersection data being given is for longitudinal
line two (2). Explanations are given in parentheses.

T-LINE = (Output dste headings listed on this line.)

"1 (Bent 1 (Back) intersection with longitudinel line 2 data.)

B

T 1 (T-Line 1 intersection with longitudinal lipe 2 data.)
T 2 (T-Iine 2 intersection with longitudinal line 2 data.)
T

i (T-line 4 intersection with longitudinal line 2 data.)
B 2L (Bent 2L (Ahead) intersection with longitudinal line 2 data.)

Note that T-line 3 is not shown in the above example. This indicates that
T-Line 3 was coded to skip the intersection with longitudinal line 2.

In order to locate the output data for the intersection of T-Line I
with longitudinal line J, first locate the output data of longitudinal
line J. Then find the Transverse Line Notation for T-Line I in the
column headed by "T-LINE". The line on which the Transverse Line Nota-
tion (P I) is found contains the desired data.

Station of Intersection Point (STATION).

The output data in this column is the station (measured along the
mainline) of the point of intersection of the T-Line (or bent) with the
longitudinal line. Since the point usually will not be located on the
meinline, the mainline station is found by projecting the point radially
(or perpendicular) to the mainline. Note that & plus sign (+) has been
included in the station for clarity and consistence with normal practice.

Elevation of Intersection Point (ELEVATION).

The elevation listed in this column of output date is the finished
grede (bridge surface) elevation of the point of intersection of the T-Line
(or bent) with the longitudinal line. This elevation is computed by first
determining the profile grade elevation of the station of the intersection
point. Then the elevation is corrected for the bridge crown whether the
crown is & parabole or superelevated (constant or transition).
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If an asterisk appears with the elevation (immediately to the right),
this denotes that the intersection point is not located within -
superelevated lanes or parabolic crown. If the point falls outside a
parabolic crown, the elevation is the same as the elevation at the edge

of the parabola, 1i.e., the crown is level from the edge of the parabola

to the point. When a point is not located within the superelevated lanes,
the elevation of the point is level with the edge of an exterior lane.
Since lanes one, two and three are adjoining, and lanes four, five, and

six ere adjoining, the point (if not located within a lane) must be located
either between the origin and lene one, between lane three and four, or
outside of lane six. If the point is located between the origin and lane
one, the elevation is level with the inside edge of lane cne. If the

point is located between lanes three and four, the elevation is always
level with the outside edge of lane three. If the point is located out-
side of lane six, the elevation is level with the outside edge of lene

six. In the following sketch, the dotted lines show how the elevations

are determined when points are not located within the superelevated lanes
or parabolic crown.

To Origin-*————~——§S:~_—~1

Pivot point

Pivot point —_ T /T
? Profile grade

Profile grade

Ievel Ievel
ne Iane | lsne | ILevel with Lane | lane lane
r T > > ‘ ‘

1 2 3 outside edge h 5 6
of Lane 3
SUPERELEVATION

level | Parebolic Crown _‘ Level
r =

If a point is located exactly on the inside edge of lane four, it is pos-
sible for the elevation of that point to be computed &s if the point was
between lane 3 and 4, i.e., level with the outside edge of lane 3. For
example, the distence from the mainline to the inside edge of lane 4 is
given as 15.0000 feet. An intersection point on this line may be computed
by the program to be 14.99999999999999 feet (the program uses sixteen sig-
nificant digits for all computations) from the mainline. In this case,
the elevation of the point is level with the outside edge of lane three,
i.e., the point is not located within the range of lene 4, However, this
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type of error presents no problem if the Engineer is aware of this pos-
sibility and adjusts the lane dimension in the input data. .

The program assumes that the width of each lane of superelevation
remains constant throughout the range of the problem and that the rate
of superelevation is given radial (or perpendicular) to the lane. If
the width of a lane actually varies, or for some reason the supereleva-
tion rate is not radial (or perpendicular) to the mainline, some eleva-
tions given in the output may have to be corrected. These corrections
would depend upon their location.

Distance from Point to Mainline (DT TO ML).

The distance listed in this column is from the point of intersection
of the P-Line (or bent) with the longitudinal line to the meinline. This
distance is always measured on a radial or perpendicular line to the main-
line depending on the type (curve or tangent) of mainline. If the dis-
tance is negative, the point is located on the origin side of the mainline;
otherwise (positive), the point is located on the side of the mainline
away from the origin. If the dimension is zero, the point 1s located on
the mainline.

Distance from Point to Back Bent (DT TO BT).

The output data listed in this column is the distance from the point
of intersection of the T-Line (or bent) with the longitudinel line to the
Back bent. This distance is measured along the longitudinal line, regard-
less whether the longitudinal line is & curve or straight line, or a com-
binetion of both. If the distance is negative, this indicates that the
point is back of the Back bent and located on the longitudinal line extended
~ back from the Back bent (the point is not necessarily located on the same
longitudinal line of the previous span). If the point is ahead of the
Ahead bent, the point is located on the longitudinal line extended forward
from the Ahead bent. This distance will be gzero if the transverse line is
the Back bent. ’

Note that the distance given for the Ahead bent intersection point
will be the length of the longitudinal line from the Back bent to the
Ahead bent. If the Ahead bent is coded to skip the longitudinal line, the
length of the longitudinal line will notl be listed in the output.

Distance from Point to Previous Point (DT TO PP).

This dimension is the distance from the point of intersection of the
T-Iine (or bent) with the longitudinal line to the point of intersection
of the same T-Iine (or bent) with the preceding longitudinal line. This
distance, then, is measured along the T-Iine (or bent) from longitudinal
line to longitudinal line. All distances given for longitudinal line one
are zero since in this case there is no preceding longitudinal line in the
span.




If the T-Line is a "CONS/DIST" or "CONS/PROP" transverse line, this
distance will be given & value of zero, since these types of T-Lines are
actually & series of unrelated points end not necessarily a straight line.
If the points fall on & straight line, then the "CONS" T-Line cen be defined
as some other type of T-Line, and the distance between the points would
be given in the output.

If the T-Line (or bent) has been coded to skip the preceding longi-
tudinal line, this "DT TO PP" dimension is given as zero. That is, the
program will not compute the distence to the last point computed on that
T-Line unless it is the point of intersection with the immediately preced-
ing longitudinal line., Therefore, this dimension is the distance between
adjacent longitudinal lines. However, if the preceding longitudinal line
has been coded to skip 8ll intersections (used as reference line only),
the distance given will be to the point of intersection of the T-Line (or
bent) with the longitudinal line preceding the longitudinal line that is
skipped completely.

Followling is a sketch showlng the characteristics of this dimension.
<; 1

T-Line (or bent) ————~——a7/\\;7~
1 h YQ

3
7 AN
q t+————— longitudinal Lines
| X
O
I s
o
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In the example sbove, the dimensions A and B will be computed and
given in the output of longitudinal line two and four, respectively. Note
that longitudinael line three has been coded to skip all intersections
(used as reference only). The dimensions C, D or E are not computed since
T-Line (or bent) one has been coded to skip longitudinal line five.




If the longitudinal line is a Railing and the transverse line is
coded to intersect the Railing line by turning radially &t the railing
reference line, the "DT TO PP" dimension may be meaningless since the
dimension may not be measured along the transverse line. In the sketch
below the dimension A would be given in the output data of longitudinal
line two if the transverse line is not coded to skip longitudinal line
one or two. Note that the Railing reference line, which is located between
longitudinal line 1 and 2, is defined out of location sequence as longi-
tudinal line seven for illustration.

Transverse line

When the Engineer becomes more familiar with the a&bove characteristics
of this dimension, "DT TO PP", the sequence of the longitudinal lines, and
the skips of the longitudinal or T-Lines (or bent) can be used more effec-
tively. 1In no case should the first longitudinal line be coded to skip
all intersections. It is suggested that all longitudinal lines so coded
be defined last in the input date of the longitudinal lines.

Angle or Skew Angle (ANGLE).

The angle listed in this column of the output date depends on the
type of transverse and longitudinal line. If the trensverse line is a
"CONS/DIST" or "CONS/PROP" T-Line, the angle is always given as zero, i.e.,
this type of T-Line is a series of points and not a straight line. For
all other types of T-Lines (and bents) the angle depends on the type of
longitudinal line. If the longitudinal line is straight at the point of
intersection with the T-Line (or bent), the angle given in this column is
the acute angle between the longitudinal line and the transverse line.
When the longitudinal line is & curve at the point of intersection with
the transverse line, the angle listed in this column is measured between
a line radiel to the longitudinal line at the intersection point and the
transverse line, i.e., Skew Angle. However, if the longitudinal line is &
Railing line and the transverse line is coded to turn radially at the Railing
reference line and extend to intersect the Railing line, the angle is always
given a value of zero for simplicity, i.e., the transverse line is always
radial or perpendicular to the Railing line at the point of intersection.
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The sign convention for an output Skew Angle is the same as the sign
convention for a Skew Angle entered in the input data. An angle between
the transverse and longitudinal line has the same sign convention as the
angle required in the input data to define an "ANGL/DIST" or "ANGL/"PROP"
T-Line. v

8. X-Coordinete (X).

The X-Coordinate of the point of intersection of the transverse line
with the longitudinal line is listed in this column of the output data.
This coordinste is dependent on the orientation of the bridge given in the
Iocation Data of the input data.

9. Y-Coordinste (Y).

The Y-Coordinate of the point of intersection of the transverse line
with the longitudinal line is listed in this colunn of the output data.
This coordinate is dependent on the orientation of the bridge given in the
Iocation Data of the input data.

10. Transverse Line Remarks (REMARKS).

The identifying remarks given in the input data of the transverse
lines are listed in this column so that the intersection point can be
easily recognized.

11. Transverse Line Type or Code (TYPE LIKE).

This column contains the First and Second Code of a T-Line, or the
Bent Type when the bent intersection polnt date is given.

This procedure of listing the date for the points of intersections of the
transverse lines (Bents and T-Lines) with & longitudinal line is repeated for
each longitudinal line beginning with longitudinal line one. After the last
longitudinal line data is given, the processing of that span is complete, and
the program proceeds to process any subsequent span or unit of coordinate input.

THE COORDINATE OUTPUT DATA

The output data given for the coordinate type input data is similar to
the Span Output Data. The input data for each point is listed with the com-
puted data for that point. The computed data output (Station, Elevation, DT TO
ML) is the same as for the output data of the spans except that the point is de-
fined by input data coordinates rather than by intersecting two lines. DNote that
the "Distance to Bent" and "Distance to Previous Point" dimensions and Angles
are not given in this type of output since the coordinate points are not &sso-
ciated with any transverse or longitudinal lines.
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V. ERROR MESSAGES

The program checks the validity of the procedure used to enter the input
data and will print the following error message when an error is detected:

ERROR i PROB. NO. n

Where i is the error number and n is the number of the problem that was entered
in the Identification Card.

Following is a list of the error numbers and the possible causes of each

error.

ERROR NUMBER (i)

CAUSE OF ERROR

1 1. The first card of the problem does not contain an
asterisk in c.c. 1.
2. An additional ID. card has been indicated but not
found.
2 1. The location Data card is missing or not in correct
sequence. '
2. The Reference Station is not in curve 2.
3 1, The Horizontal Curve Data card is missing or out of
proper segquence.
2. The P.C. Station is ahead of the P.T. Station.
3. A degree-of-curve is negative.
I 1. The Vertical Curve Data station card is missing or in

improper sequence.
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ERROR NUMBER (i)

CAUSE OF ERROR

5 1. The Vertical Curve Data grade and vertical curve
length card is missing or out of correct sequence.
2. The length of & vertical curve is negative.
6 1. The Crown and Lane Definitions card is missing or
out of proper sequence.
2. The S.R. values are not in increasing sequence.
3. The inside lanes are not used and the outside lanes
are used.
T 1. The Superelevation Data card is expected but not
found in proper sequence.
2. An illegal Superelevation Date Description code has
been used.
3. The Description code does not contain "CONST" or
"START" in the first Superelevation Data card.
L, More than ten Stations of transition superelevation
are entered.
5. The last Description code of "FINIS" is missing when
transition superelevation is being used.
6. The Stations of transition superelevation have not
been entered in proper sequence.
8 1. A longitudinal Line card is missing or out of sequence.-
2. An illegal longitudinal Line Type Code has been used.
3. An 1illegal reference line has been used.
4, A Curve Taper Rate is zero (0).
5. More then thirty (30) Longitudinal Lines have been

entered.
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ERROR NUMBER (i)

CAUSE OF ERROR

8 (con'd) 6. An illegal Iongitudinal Line skip has been used.
T. The Control Station of a Curve Taper longitudinal
Line is not located in a mainline curve.
9 1. A "SpAN" or "COOR" type card is missing or out of
proper sequence,
2. The number of T-lLines is negative or greater than
twenty (20).
10 1. 'The Back bent is not the first bent of the Span input.
2. An illegal bent Type Code has been used.
3. ‘The "PREV" code has been used with the Back bent.
L, The "SAME" code has been used with the Ahead bent.
5. The "SAME" code is used with the first span of the
problem.
6. Bent A has not been found, or is out of proper sequence.
7. An illegal "RLG INT" code has been entered.
11 1. A T-Line is expected but not found.
2. A T-Iine is out of sequence.
3. An illegal First or Second Code has been found in a
T-line card.
k,  The Referenced Bent is not A or B in a T-Iine card.
5. An illegal Reference Line has been used in a T-Line
card.
6. An angle of zero magnitude has been used with en
"ANGL" First Code T-Line.
7. More than twenty (20) T-Lines have been defined.
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ERROR NUMBER (i)

CAUSE OF ERROR

12 1. A "COOR" type card is expected but not found.

13 l. An elevetion error has been found. A station com-
puted by the program is behind the P.V.I.Z. Station.

2. A station computed by the progrem is outside the
transition beginning and ending stations.

14 1. A Coordinate Point input card is missing.

2. The number of points in the "COOR" type card is in
error.

15 1. The progfam has attempted to intersect two parallel
lines. Check the longitudinal and Transverse Lines.

2. An attempt has been made to intersect a straight line
and circle that do not intersect. Check the Trans-
verse Lines.

16 1. This error is caused by an internal date error, i.e.,
an error that should not have happened. The actual
cause of this error is unknown.

17 1. A station has been found outside the Limiting Stations.

Check the Iimiting Stations, Bents, and Transverse
Lines.
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V. EXAMPLE PROBLEMS

Four Example Problems are given on the following pages for the purpose of
illustrating the procedure used to enter the input date on the input forms.
In addition to the input forms that contain the input data, a sketch of the
bridge geometry and the output data will be given with each example. These
problems do not represent an actual bridge structure. The exsmples are designed
only to illustrate the numerous characteristics of the program.

~ Example Number One

Exemple 1 shows a two-span bridge located in a 3° curve. The four beams
of each span are placed parallel to & centerline chord of that span, and the
beams in the adjacent spans meet at a common point (concentric arc intersection)
at the centerline of Bent 2. Bents 1 end 3 are parallel to Bent 2 and located
by the known normal distances from Bent 2.

The Station of Bent 2 will be chosen as the Reference Point Station.
Bents are placed parallel to the Y-axis by using & Reference Angle of 72°. The
Limiting Stations are arbitrarily chosen as 19+00 and 21+00. The roadway sur-
face is at a constant rate of superelevation. The curb faces and sidewalks
are set up as lanes of superelevation. This requires that six lanes of super-
elevation be defined. The Vertical Curve Date and dimensions for defining the
lenes of superelevation are given in the sketch along with the superelevation
rates.

Two sets of longitudinal Lines are defined in the problem. The beams of
Span 1 are defined as PIA, and the beams of Span 2 are defined as PIB. Note
that the centerline chord and beam lines are from the centerline of Bent 2 to
the B.F.P.R. (Back Face Paving Rest) line of the end bents. The centerlines
of the railings are defined for the purpose of computing lengths for rail spac-
ings. In addition, the finished grade elevations at the intersection of the
railing lines with the bents will be given. Since the centerline chord and
gutter lines are used only as reference lines in this problem, these lines are
coded to be skipped in the output data.

The centerline-of-bearings and diaphragms are set up as T-Lines in each
span. The diaphragms of Span 1 are located at the one-third points of the
centerline chord. The positions of the diaphragms in Span 2 are detailed in
the sketch. The centerline-of-bearings in Span 1 are defined as "CONS/DIST"
T-Lines. In Span 2 the centerline-of-bearings are defined as "PARL/DIST"
T-Iines. Note that in many instances a T-Line can be defined by several com-
binations of T-line Codes.

The purpose of this problem, in addition to the ones already stated, is
to compute the following data.

1. Finished grade elevations at centerline-of-bearings.
2. Iengths of beams and diaphragms.
3. Position of diaphragms along each beam.

L., Distance between beams along bent lines.

- 128 -




EETMLTAS
sTenba mmoﬂm

B
Burtied § T oo 2
NVId =~ Te33np

TeTPsyd

mcﬁmﬁwm B\

NOLIOES SSOMD
a 5 .:4_ '8 J
i 1 1¢® T v
_ /33 gogr— | H
T 1 OT
(‘mhs) W spep wﬁwo.ﬂw_ . _f.h

: T NVdS
AN

—_—— ¢

SuBeIydeyqg—

suBsxuydsTd

a

£

€
s ,' »’a

‘¥yded-g

llllmmmmwthuwg prowp D .|||||mmﬂ-=_w i

I3
330D _,,

/ cgrdrdd
cgBag D—

00+02 UOT3e38 ..\

*8AIND of UT ST 98pTaq oITuy

*SUOTSUSWTP oIB8 OTIUIOUOD X8 umoys sBurosds wesg
*pIOYD SUTTIIIUSD 3ayjq 01 ToTTerlevd paosTd sav swwsg
*sweaq 01 JsInoTpuadrad sxw swdsaudelq

*swgaq ay3 Buore ‘squsq pus

3y} Jo *y¥°d*4°d 8y3 woxy ,9-,T pPuB g jusg JO SUTTIBUID
< 83 WOXJT SdYOUT g Pa3BOOT aIv sJUTIBOQ~JO~dUTTISJUSD ayy,

00°02L *ASTE
00+gT UOT3838

(PenuTIuC)) T WZIH0Hd TIIWVXE

- 129 -



G40 T133Ms ‘ 1004 u3d SIHONI NI SNOILVAITINIANS IAID
| T T L] T ¥ 1 T A T N L] L} ¥ . T T t i » 1] L Ll 1 J 1 L] L T O T T L T ) ¥ + T 1 T L) 1 T T
/mZ\o—ml I%v T T 1 ] T T 1 ¥ J T T T L4 . Ll v T T L] T T L} T . T T L) T - T L] L] T L] L] + ¥ T L4 L T T L] M
IVQ/ \Wm* o 1 T -. ] T ¥ L T ) T L ) L O 1 T T T . 1 T T T . t 1 ¥ T . T ] T H . T + T T T T T T 1
H T ¥ ..y L] T T Ll L . L} L AJ L} - T L} L} 1 L] T T T L] Ld T L 1 T Ld T L T Ll . T + T T T T T T T w w — z — u
m T 1] A . L} LS 1 L T Ll T L] T T & . Ll T T L] Li 1 T 1 T L] T w h m < F m
M T L] [ . T ¥ T L) L 1 1 F 1] A + 1) w .P m Z o U
°-o- m- N.O_ O-OHC -OUN-— o— Od\O-woo_ o_o_ o_ o. o_ o_ [ Al °- N. ——Il Oq °— m_ Nno_l T T A ) [ T + T L Ly Fﬂm< Z-O-U m c o ‘ m N. .U-U
At yA 153 144 i ya ra w7 NOILldidD2S3Q
9°3°S 4 K $°3S €3S _ 2°3s 1°3°s 4%k NOILVIS LV NOI1dI¥I$3Q
‘wALITIVATI ONINOILVIS v IZINDODIY ‘ON ° "S3NVT Q31VA313Y3dNS 804 3WOND
1ON T11M WVYH9OHd 3HL :310N (Ol 40 ON "X¥W) V1VA NOILVAIT3IYIdNS "NMOYD D1709VHVd Y04 4V, ILINM
"G3IHONDI 3@ OL St NOILDIHHOD NMOYD 41 ,JA . 3L1HM w
0'00'59'1' |80 I' [00'0'0°071I" [00'0 0 VI’ n_o"o_o—o.o__ﬁ 0'0'0'0°0'I" " [0'0'0'0Y I~ [0'0'0'0°0"1 T [e' €8 0¥ I — 000G 91~ | ' m._ " ﬂ
. —
9 US “ <8¢ 10AId 30 1S1N0 A 3 uo_n»:mq S - 2 §8s ToATd 3a1SN| 1 ys ‘3§ 3QISNI 300D = m 3
L INVY 30IS1IN0 0L W NOY¥d S:uV NID3G 0L ¥V S3NV1 30iSNI Ol M MOY¥d SV NI938 01 ¥V |Nmowy D T »nd
S3INVI Q3LVAITIYIANS INI43C OL LVWYOA SIHL asn-F  11d IOUINGS Ol 1d T0HINGD NMOYD oL W y3Lino vy mM o w
NMOHD 21108VYHYd V INII30 OL LVNY04 SIHL 3SN—+1 (S3HONI) JOHA] WOM4 '1S5IG WOY4 1510 MﬂGJ o M w
SNOILINIZ3A 3NV ONV NMOYD m 2 > 4
mzo_..,r%mmo_wur»mzmw T T T T T T T T T T T T e T TG00 00006 1 0000002 (v 2 %.A
NIHLIM 38 AV XK oy - 4 2 14 x4 BT el ra M Wm m m
€-2 3AVYO % 2 OAN1 2- 1 3QvyS°% Y. 1-Z 3avy9 % Z ITAd A3T3 20 o W
IUhuxm uldoz< uum 1 T T L] T T T T T T H L J T T T T T 1] T Ad i + T L) T gg M H
IAEND LT W L A+ + + 00000078} el M =2
154 . P44 . r Al - r A ”d s 3
V1§ "33 ViS 2 TAd ViS | TAd V1S Z1IAd N m >
o
A (442 SISVD TV ‘QINIIIA savmly ¥ K VIVA FAYND TVOILE3A 30 z
X + Q\r.ox %7 T T L B L "R H O.O.O.O O_O m. TTTTT T T T .- T T T 2 mm m
8y (132 v [} 33 82 ¥ iz P2 1) 3 7 I HJV o
538 ‘NIW[ 934 *x NOILVLS Ld "23% | NIW[ 934 *ANOILY1S 9d ‘238 ‘NIW[93a © P
€ 'ON 3JANND (LNICd 3DN3¥343d 3HL NIVINOD 1SAW) 2 ON 3JAHND 1'ON 3JA¥ND .JW nuw
IAEND 1o W — A+ Viva 3A"YND IVINOZIYHOH o
¥ .- Ll ¥ T T T T T o_°0°-° o_OLM—Fu o_O-°q°I°~°+O< M— H °~°4°A-°Q°-°+—-M— H °~°q°_o.°-o+m- —_ T — V
Q% 5 2 4AS 2§l 23 kA AN
INIONVL V NO §1 2 3A8ND | LNIOd 3DN3Y34IY OL | 238 [|'NIAN] 930 | INIOd 3IDNIYI4IN Qv 3Hv Hove @341S30§1 NOILNIOS
N3IHM AINO QIYIND3Y —TA'Y NIDIHO H4 1S1Q D 3ITONV 434 40 NOIlVLS - SNOILVLIS ONILINIT 100198 uoz%rﬁpwwu
viva NOILvDO0T Tnorp NIVINOD lsSnn
T v T rrrr rr vy vrvrrrrrrvrr¥rrvrv2€T7T TV v vyvrvyrrriyrrrrrrrrrrryr2rYrvyYrvJ7rrrrrrrrrr Ty T T QJW_.&UI.FIO
—— J* LIDIT LINVIIJINDIS

TSTTHTO T TE@El T LSNINY T IEWNN 'LYIroUd ON TTINO Y IEWAN WITE0Ud TTdWVXT [ITXF[H 1514 3HL ONIGIO3ud
8’ W R NN KT 0 kT os’ kT Oy’ e "0E ‘52 oz MM Yo LI %Z | v A8 G31V¥YNOIs3Q
C@3sn 38 0L §1 a¥vd un3aviiaay D13 ‘A8 "31va ‘ALINNOD ‘1O3rodd "NOI1VOI3IIN3al W31804d 804d 3uy Sy3IGANN

3AILVODIN 3LON
NY N3HM 0S-LL '3 NI ) INOD, 31I1¥M ,

- 130 -



g 40gLasms L334 QIHANOH ¥3d 1334 NI Y S3LvY ¥idvl $3000 Vid GNY ‘BId"yYd D18 804 43HIN03H —, [T TTE]
| L L LIGHE JRNR RN A A D ORI BN BN SN B A B | LR L L L L] T T 17T 717 151 L) LELERL ] i 1 LI ¥ LI o-m N-
LS LR rrrYrTrTT T T rr vy rrrr oy T T 7 « 1T 1T 7171 | LR L L B LN L DL L L B riyT7ryTrr T v ¥ LI | m-N N
LI L 7 LA AL L T°1 LI I A N I R BN | P L L L L L L LI A R B L T LI LI R A S | | L L L A 1 LI | m-N N
VLB LA LA L] LI L N R O L L DL L R L B L A LU L AL I AL L ¥y TV 1T 71T FtT1 ¥ T 7 1 L L LR R LR T T 1 Nl-N
| L] tT T T T T T T T 717 T T 7 17 T T T 17T LA L L LB AL L 1Ty T T 117 LER LA R AL T L qu F
LR DL L] P VT Trr Ty rr 1 rrTroorTTr T r Ty T7r rr T L AL L L T T Y rrv Irr L L) T LI Q_N F
LI LI FrrrTrT T T LR LR VT T TP T T Y rT T LI B IRAL A R | L} 1 L DL AL L B 1 T ¥V Fr v Tt 1 LI v-N N
L2 O N N vy YT T T ryr v 1Tt T T s 11T 1T rvr¥ 1 V71 17 vrrT L LR L T 1T T yrr1rrr7 ¥ L) m-N N
LI I B B B | L L L L L L LI L L L L L I L B I | T/ 77T & 7 I 17177 LI AR B (R SO N | LA L L L L LA I A BN S | T LI N-N
LI LI I L | v T T rTrrrrrrrr T T LA I A L L T rr U T T 717 1T T TT 7 It 17 rri T LI} _-N
T 77T LI | T 1rr1rrr—1rrrrrororTy LN I I R | LI L L AL L | LI LI | T T 7 PV VT 1T 7T 17T 1 LA L L ¥ LIS § O-N h
T T TT7 T T rrrrrrrryr T T LI L L L T T 7y 1T 1T 771 ¥ T T T ¥ 1T vr1rrr L L L ¥ i1 m—_ h
LN DR L LI UL L) LIS BN N NS A N N S B £ T 7T 1771 T ¥y¥17rTr T 111 LI B B G | T ' 17T Ty 1T v TTrr LI T S B B BN 4 T LI w—_
rvr v 1 T T T T 7T T 7T v 1T rrrrvrvrrr o T 717 VT T 717 17 7T 171 T T 7T« 1T 1T 177171 ry Yy rrrra L L L T N_ _
LR rrT T rrTT Y T T T T T r T T o o7t LA L L P T T T 1771771 LN D B A BN B BN | T T YrrrT 1 LI} w-“

LIS A B B B | YT T T T rTrT I rTTrT T ST T LR LA DL L) LINEE JR DR AR SN N SR | T V1T ¥y 1rrvrrr | LA L Lo m—_
LI rrTrT 7 7Trrrr1rr1r1r1ir T T T L LI B DL I | | INLIN N I N R A | T T F ¥ Tt T17 711 T 1T T+ 1 1 177 T T 15T
LINNE B I S B | rrTrTY T T T T T T T T T T T T 171517 T T 1T Tr7 LA L L L T T T T 171 1 I L] M— _
L S S B B { T 7T T T T 17T IT 117 v 17 LI B I A | L L L L] L L I LENR L AL B B L LI L L i L N-— Nn
LR rrr7rrrTrrryrrr1rr o rorT T T LI DO A B BN RN SN ) T 1777 T T T 7 L L L L L L ¥ o_z-m _—_ h
T T T T T1rrvrr1rr1vr1 _m_u_hl_.—l_\a_u- T _ar—m . LU L L L L L AL L L B ) | L L R L o- O_O_OIi— — | - 1 t U—m-< O— — N
1T T T7 LN LI B | —o—m—o_I_o_ _u—z_ — _l——.m_w_a-'_z.m-o ] LA L L L T T T T 17T rY~ 17 FrorTrrrTd O_O—O—O-O— LRI 1 Q—m-o m-o N
LR LI B T T T 17T T1 1r 1t 1 dm_u_hl—.hl_\D_o_ _-P—J — 1 LI L L] v Ty TrTrrrroa T vV Ty T1rrri t O—O_O-Olt —— L) T U—&-( w-o
T 1T 17 UvTI 1 T T T T T 17 1T 1T «@—Z— — —J_ ——<am_ LG} —l—n—m T T yrrrrTi LI U TTT LU LA L L LA ] O—O_O—ndN-'q L] O— — w— J—m h—Oh
VT Tro T LR L L A L I I L I L _o_ _2-<— u-m L L L I L 17T TV 1Ty rri LI L L AL L) o_o_o—c,!NJ‘.—m|— 13 m— <_ —ul w_o N.
rry 17 T T T T 1T VT T T T 17 7 17 177 U_ —2_ <- u—m T T ¥ T17TTrrrTrT LA L L L L AL L L o_ o-o_ OGv—l— LR m— <_ — —& w_ O
LI B L B B | LN D R I A BN I S B B | _m_z_ —_I—— m_w.hv_z_ w-u. 1T 7Ty 7rTrrrrv 1 7Ty T1T T 17711 LU L LA L ] O_O—O-OCO_ 17 ¥ U—¢—<v-o h
T S - N - 0 T L N B (0101100 ) a2 e £ )
L LA LUNED T B R I B B B RAR A BN BN SN BN —<_ —:_<_w—m ¥ LI B DL L B LI L D DR N N G | T Ty 1 r1rr T O_O—Ou OCN— —— LI Q— <— ——l N-o N
r ¥y 17177 V1717 7Tt 1T T -0—2-—_J_——<~¢_ -o—.F-J 177 1T T TvTT LR B L AL L L O—O-O—mIM— I o— O—J—m m—o h
- SYYYNIY ) uh,qz_omooumy,: JIYNIH00- X TIVREOOK T FIVNIQEO0D =X [Tvo 305 (oK
'300D H0D HO4 LYWHO4 SIHL 3sn—~ S N Al VIS TOMINGD I I ous o 1550 L aN3.
'S300D 81 S0 ‘Vid ‘¥Vd ‘d10'd.S’ Q¥ OUY ‘OTd HO4 LYWHO4 SIHL ISN—u 3 N WOMI Y]  3a isaw Nawo

©9 ALMIHL S| SINIT 40 ¥IBWON XYW SINTT TVNIANLIONOT - 3DAINE G3IMINS

89-¢

340D USV 3HL

'7-860 OH

- 131 -




G 40 g L33HS

1(02) ALN3ML SI

S3ANIT-L 40 'ON XvWN

O O I T T T T ol
OO T L L T [ T ol
O O L T I T Jeoll
(O O T e I L T [ T sy
(O O T T T DT T T T 00 gy anes
O T T L L L T L poldwaes—
O T O L T L T T s 1818 4d4d
T T [ [P pre e soae i [T [T T | ' pooso="" " WrsTasnos o § Y g| 1oNv

OO T T TP P II] 7= Woveeavig T T [go0[000e" [§ 19980 T~ [aoua] TNVl dOud[_
T T TP T[] 7= " WovHHavIq | [ [09qa0[0’s" [ [EEeed " T [aaoda]ToNv 5] | HHEON
o8 sz oI EE o9 507 "H00D 16 dOdd 0 1810~ R I d0dd | npoo
[T T LTI e soue oy [ T[]~ [ 7| Po0eT 7~ ErsTawos) o +S1a1SNO2
os [62]sz[uzpz]se]ve[eefee] 1oz aiei] ci[mifat v [z n[or s [a ] [ o] s[ e[ e[ 2] B T ED “ _I.M " up(%nomouw“_u L ILVYNIGHOO0D X o 3005 WOOUv .OZN OLlVLS IM3INUS
1 2910 357~ SdI¥S_SINTT IYNIGNLISNOT 3000 NI O ZTi || NOILYOdOHd ©© ICF  NOILHOJOWd 4o | [|aNOD3S| 1813 [INI 3993 | 2903
041 Lioia asn—) | MG\ | 151 w0 370NV mm }wwnﬁmﬁo_,mﬁm* = 1N39 351393338 mow_%nwWUm wZ»_mJEu.._..
1N39 3DON3IY3JTN M3XS Jo INONV v o -
T I T T T I e e s T - T [ 77 [01000°00102 ' [ATHAR | W A'3 o o
" [:A3¥dn 31 1510 TVAHON~—— wo ———|#J8d. 31 IN3E J0VIS (AINO @)
T T T[] 7 e W 98000009~ [¢'00lo0ld " Jgoodoraz " [Tavall [id § g
%_2_@%%“_3_x_z_ﬂ.%u_m__e_:_e_e?_?_N__.__o__m_::inzn_m_ ~ W EVdn i .Zoi:zmh_ mzL wonwmmuum 3NIT 3DON3Y3J3Y m_.._oon .ozn _ qdvd
/191 757- SdIMS_ANIT ITVNIGNLIONGT 1 SHIVINIY ¥1Sdy IN3G 40 VLS | 30 TIONY MINS 40 NOILYLS 3dAl |INZg
'$3Q03 JTHVdy HO nVLSds ¥Od LVWYHOJ SIHL 3SN— IN38 4O 3000 "IN O Gm S oy
‘3000 wM3NSu HOJ LVWHOH SIHL 3sn—| 3ITONYV mans | LN 30 NOvLS 1 1190 350 Lo s 27
. " S3dAL 3A0I IN3G
m.m.> AR L I DL A A O I L T 1 TT 1 1T 717 T 7 _m_u_a__qmqwm_ _z_<.n—.m. _o_;-r_ _.&_O— _z_<_&_m. _.—I.m_m__un—\ T T \ va \h —_ \Z.(.&.m m
9L wifsl oL [ 09 g6 omoxm<§m¢m 0% [T 0¢ g2 0z &l [T ol & Rl ] kAN

N3AID 38 OL §1 SNVdS IN3INDISBNS ¥Od

ViAVQ 3NIT TVYNIGNLIONOT dJ! #S3An 3LI¥M

NVdS LSV dl w ISV s w._._xiu

Vivad 3NIT 3SH3IASNVHL 3dAL NVdS-39Qidd AIMIMS

_ LoN Nvds
VdS SIHL $3INIT » La 40 MIENNN

89-6

S-86¢% TH

- 132 -




G 40 L33HS

4334 QMANOH ¥3d 1333 NI I4V SIUVY ¥idvl '$300D Vid ANV ‘Hid'¥Vd ‘914 404 G34INDIY — I'ElZ
L 1 LI . T T r  rryrrrrora T LI T TTY I+ ¥V ¥ 1771 i T LI LI} LI 1T F & 7 97T 1177 1 i 7T o.m \|
T 1T 1 T T TPV T T T T T T T 1T T 1T 17 77T P Ty r7 1T« 1T 1T V171 VT T L T rF 17— T LR T 1 L AL L L L] LI | m_N F
TP T LI BBk LI T T LI LI L L R T ] LA T T LENELINEE SN S A | T LI ] T T 7T | LA LB L3R | I | L L L ] ¥ T T Q-N N
P T3 1 1) 1P U177 LI T LI L) T T T 177 T LR T v 1 T 7 1 LI T T 0 T | L) i v 1 71 L T LA A 1 T 1 N—N h
LR B LA 1T 17 Tt T T 171 LI B S SR B § LR S N | 1 I F 7y 17T FTT17 T—rrr T 7T L] ¥ LI LA R L T L L L) 1 i v Q-N h
T 17 Ll LI 77 LI} | L L 1T T T T LI i T 7T 1 vrri1 T L L 1 T T 7 T T T 71 LI T 1 7 T v 1T v 1 r 10T 1 T 1 M-N F
| LRI 1 F L L T T T LI § LI L AL T T 171 T T T T | B | 17 ] LI 1 T T 7 1 LI L AL L T V1 & 17T 7 17T 1 LR .v_N N
T T T T L LI LI LR ) LR LI B i T L L T LI H T T 1 ] T T 17T 11 T I LR LA L 1 I LI} M‘:-N
LI T T L LR ] i1 1 T 71 LR L LI L L LA L L ¥ T T T LI | T L L AL L 1 -7 T ¥ 1T 17 1 1 T LI N_N N.
LN B L L ] rtr 11 rrrrrr T 171 rr L LI N BRI L] mrr—T1T71v 17717 1T 1y 1711717 T T T ¥ 1 710 T T T __N N
T LR 1T 7T 717 vy 7T T T 7151717 LR AL T 17 1171 LRI BRI S | L | 1 F 7T 17V 71T 71T T ! rFr 7T T ¥ 1 17 177 1 T 1 O-N F
LA L L) LRI L L I L L LN AL LA L LA L) LI T 7 | L 1 T 7T Ty 7T 7 11 T LA L L T LI m—_ N
LR R T LIS LI FE T 7 T T T I v 1 P T T T LI ] LI L) 1T 1 ¥ 1] T T 1 1 1T 17T¥ 717 [ 1 L L L L | T i LN m__ h
T 1777 I 11 L LR} TT PP T T | LA R T 17 T T L L T 1T 17 1 T T T T T T 1T 7T ¥ 17 T T ¥ T T T ¥ 17717 1 1] 1 % Nu-
L L L L ] T 1T 1T 71 T 7T 177 I T 17T 777 T T 7 ¥ Tr'7 7T T 17T v 171 T 177 « T 1T 17 T T T T 117 177 J L D AL R B T LA w_ — N
PrrrTT L L R DL L I A r1i 1 T1rrr LIS N SR B | 1T ¥y ¥« 1 r7rrrr T 1T 1% T 7 LI B L DAL L ¥ TV 17 T T 1717 ¥ T A.W- _
T vV I TmTT b O P L R L I R I A | [ L T 1T T 7T 7 71T 1 L AL L A | | L L L L L L UL L R T T *-_
T T L L T T T Trr T TrT L L L T 1T 1777 ¥ AL L B 1T TF L F1 T LA LR U rrr—s—rrrTT 1 LR m_ —
T 1. 71 LI S | rY ITT T T T rrrroyoa T 7 T 17 T T T 7V T ¥ 1T F 17T 1 1T 1T°v LB 13RI | VP VYT TTTY I T 1T 1T ¥ 171771 { | LR N__ Nn
LR LA 1 1T T1T7 I LR N | L] T7 T 11 T 1 T LA L L L] T7 LI T ¥ T 1 T LR LA L) T 1 | L AL L ] T 1 Q_z. u _ 1 _ h
T LI LA L I I L _m_ u_-_l_l—u_w:_u_ .. . .lh-_m — T T T ¥ 17T T 1T T T 17T 1° 7 T 11 T T ¥ ¥ 17 ©° 17 J °-°—°_°-¢_ —.Il# 1 1 U_m_ < o-_ F
T v 1 111 LR L _Q_m_o_—-—_u_ _U_Z — .I—_ m_ m_..—'_z_ m.u _ T T T ¥ T §F v 1 1 F U 7% T 7T 70177 T T T ¥ 1T 1T 171 7T o_°~°_°-o_ 717 ] OAm-U m_o N
LR LIS N | | T 17 T LI LR} m-u-l—l—l—n- D_u— Te .l—l—l— — 1 LI L) T 7T 1 T T T * T T 17T 1 LI SR B LI T o.o_o_OAV- —— T T ¥ U-E-( w—o h
I I A L A ] T T T TTd _o_z_—ﬂJ_—_<-m_ _-_l—._m P T r¥y¥rryvria LI LI LI L L L L L L] O-o_o_mdm_,_ 1L o__ o_l—_m \l.OF
T LA 1 T 17T 77 T 77 1 LN R | —a_ qz_<_ m_m T Tty T 17 T T T LI T 1 LI 1 | R DL T LR B 1 O_O-OAOlN—_ —Il- ¥ m_ m_—dl w—o h
T 7T LI T T T T T 1 17 L L] T —U- _§_<~ m_m T T T & 17T T 171 T L L 1] T LI L LA L AL L o_o_o_ °<.v—.|1_‘ 1 ] 0~ m_ _ —& m_ON
LI B 1 T T 1 T 11 T T i _u_z_ ~_J_ m_m_l—l_z_m-u T Yy T17Tmrrrri¥x T 7T 1T°€ L] v T 7T ] LI L L ) O—°~O-OGO— T 1 T ] O—m~< .V_ON
LA B | T T 1 LI LU B A S T T T 1T 1 T —m- _2—<_ m_m 1 LI L L L T LI | LI T [ ] T 1T 7T 1 LI T LI ] o o-o-o*QA LI T m. m- —ql m-o N.
LI B | LI 11 | R LAL 1 T T T | _<_ _z_<_ umm T LA A AL ) T7 L3 T I L 1 r1e LI L ¥ o_oo o N——— L{ ] m- m— ——m N-ON-
LI B | T T L L L L .O_Z_—‘l—_—.<_m. _v_-_l.l— T LENNLEN N B B B B | Ty Ty LN B B D LI L L L L L o.o_o-mnm_ 1 1 Q_ Q_l_—m __o
= SYUYNIY A_m. ub\z_omooum%.n4_ww<z_omoou X 3 IVNITE005-X H__,__ %%<z_omoou-x uwm ummww. %uz%
'300D 40D ¥O4 LYWHO4 SIHL 3SN SO PN VIS TOMINGD T e U 15750 .aN3.
"S3Q0D 8ld 'S0 ‘Vid ‘¥Vd ‘d1D'd1S’ QD DHY ‘OTd HO04 LVANHO4 SIHL 332%&% 4 W WNOHd HV | 38 1snw n3wo

O ALHIHL ST SINIT S0 W3ANAN XYW GINIT TVNIGNLIONOT - 394Q1¥9 3IMIUS

3000 1SV 3HL

89-5 '71-860 OH

- 133 -




G J0 G L33IHS

T(02) AINIML S|

S3NIM-L 40 'ON XV

_o.:_E:_::_::_::__g:___n__::i__::_,___::qq___:_._:__:_:__:_P__E
OO e e e e T T 6
(O T T T L T T T Tl
T O T T T I 500
O L T T T T DT I T T e
O T I I T I T il wees
O L O L T T S i81d] tddd
(O LTI e e || [ [ """ [§ 00— Mrsaavayol) {87 §[ 19NV
(T L T I LT[ 2 WevawRavTe] | [[6'90[000s' [§ 000592~ vr's Ta[ToNvigol] 9089 [
LTI T[T FL T -7 WoveHava [T [o0906Te [f pog's ™ [ars TqTonvizgl] oo
T T T __:_<_~:Em_._nqm__m_mmm_wo T F.m__o/J T8 08T T T IS Ta[Tava g LS. LA SNO2
Ly S et o= A M ol s o
e eaam) | s s sroww | 5| woron s worgeass] — N8 TR 53605 SN~

(ATNO V)

LTI LTI T T T W dejo'o0'o’ser T ™ .__._: Tt [Addde i A3ud

MI3udn i LSIQ TVNHON™—__ HO __—~{sAFdd s 41 LN3I8 JOVIS (AINO @)

NERRRNNERENARNRRERNR RN RN DR N REARARERRARARN RARAARAREN R B BAD REAREEARMELCN g anvs

_md\ LW« L L2 [2 22 i [ T T v ..—- W &

o Lm%%uvu_ﬁén_x__%N_o__9?_7_ sTw[san]o[e[8] ]3] *[E[2] RPT— wWVdy 31 "LSIG TVAYON] SNI_30N383438] 3NIT 3ON3u3438 3000 |ON qdvd

¢ 1917 350 - SdIMS 3NIT TYNIGNLIONOT 1 nV1Sdu IN3G 40 VIS | 40 IFIONV MINS 40 NOILV1S 3dAl |[IN3G, M3MS

'$300D T4Vds YO wViSds HOJ IVAYOD SHL 3Isn— AN38 JO N3G 40 NOILYLS [BO00 NI DY 829 S 99
‘3002 »M3INSH ¥O4 LVANYOL SIHL 3sn JTIONY MINS t 1191 38N mm&t §U .—.zmm
LI T7Tr T r T rvrrr T 1Ty T T TrT T T .N_O_a___m_md qZ.(.Q_m_ .o_;_..—._ _&ao_ _z_<_&_m— _Q.Zqoauqm_m%-_v_m_<_l— vq \ N# \ Z.(.&_m w
9L __wifl 0L <9 09 [3] [o]] [13 113 SE 0% §e Qz el i u_\ n\ 4 .\ E AN
N3AID 38 OL § SNVdS LNINDISENS HOd SMYVNIY NVAS 1SV 31 v ISV e ILIMM | n.OZ NVdS

YiIVG 3NIT TVNIOALIONOT dl #S3As ILiHM

ViVQ 3NITT 3SY3ASNVHL 3dAL NVAS-3O01d9 AIMIMS

JD(&” SiHL $3NIT » Lu 40 YIGNNN

89-¢
S$-86¢ OH

t
)
~




0005 * 91
9 ‘¥°g

0092°0  0000°*02T 0009°0  0009°0  0000*O2T-0052°0- 00 LSNOCD
9 *¥'S G *E'S % °E'S € °E'S g °E'S T *E'S NOILVIS IV °OSHd
VOV NOILVATTIHHALNS

€€QO°#T: 0000°0T  0000°HT  0000°0T  0000°OT  0000*HT- 0000°0T  £E€QO°HT~ 000§° 9T~ .
G *¥°'S °AId°SINO 1 °¥°S °SINO0°Y’S € *¥°'S € "¥°S CAId°SNI T °*¥°S °*SNI*¥°S Hd0D

SNOILINIZEA ENVI NV NMOWD it}
]
0°0 0°0 0°0 0°0 000006 ° T 0000° 02L
€-2 *un % 2 oAl 21T "¥9 % T oA 1-2 *¥9 % Z Iad *I%
0°0 0'0 "~ 0000°008T

VLS 2 TAd WIS T IAdS °WISZ IAd
VIV EAMOD TVOLIYEA

00 =0 -0 0°0 0°0 =0 -¢ 0°0 0°0 -0 -0
€ °ON FAMND °VIS *I°d ¢ *ON BAMAD °VIS °0°d T °*OR FAMND
VLVA EAHND TYLNOZTHOH

0°0 0°0 -0 =3L  0000° 0002 0000° 00Te 0000° 006T
*ISIQ *Jg3Y  HIDNY °J8Y ‘Viis J3d ‘WIS QVEHY  °*VIS JDOvd
VLvd NOILVDOI

*S*H*D Q96T ‘T ISNOHNY *HHEWAN IOELOHd ON *ENO HEGWNN WITHONd FTIINVXE
T°Xd *ON°€0Md VIV LOINI WWVHDOYd HOUIHE TEMDIS




YELIND °IY
QUOHD ANTTHHLLND
. HELIND *IT

ONTIIVY *I¥
a Wvad

D WvaEd
ENTTYELNID
4 Wvad

vV Wvad
DNTTIVE °I1
SIMYIWEY

OO0 OO0 OO A

]

0°0
0°0
0°0
0°0
0*0
0°0
0°0
0°0
0°0
0*0

ek

0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
eX /¥ /¥l

0°0
0°'0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
00

X /°VvIs

SENTT TVNIAOLIDNOT

0000* T~
0°0
0000 T
000§ * 8-
0000* 2T~
0000°* 1=
0°'0
0000*%
0000°2T
00052
X / ua

ouv
@D
ouv
o
Vid
vid
ouv
Vid
vid

HOOO

O ANANNO NONO

:
:

e~
~ ~

AN NS N0~ OO

*ON

- 136 -




000O0O0COO0O0O0OOOOOOOOCOOOTOOTOOT
000000000000 000000TOOTOOT
000000000000000000TO0O0OTOOT
000000000000000000TO0O0O0OTOOT

o e}

SIS ¥NTIT TVNIANLIDNOI

0000000000000 000000000
0000000000000000000000
SdIMS INTT TVNIANLIONOI

2 L 80aE 1D
1-2 WOVIHAVYIA
T-T WOVEEAVIA

T°d48 *shyg *TID

SRIVNEY

VIVa INII-&4

2 ‘149 *'ID

T °09 YdJad

S VY
VLVT LNHE

0 0 0°0 0 000§°0-

0 O 0°0 -0 =06 6 1999°0

0 o0 0°0 -0 =06 6 EE££°0

0 0 0°0 0 000S8°T

o ™ € Xx/d/a/s/v T X/d/a/u/s
0°0 0°0 -0 -0 0000° 0002

0000° 09~ 0°0 -0 -gT  0000°*0002

*WHON/*VIS  TIDNV MIIS NOILVIS

aaIgd Nvds OML J0 NvVdS JLSYId
VIVI IOINI T NVdS

ISIQ/SNOO %
dO¥d /TONV €
dOdd /IONY 2
ISIQ/SNOD T
Q00 ENTT °ON

mmMmAa <

- 137 -




Addd
THVd
ENTT XL

Addd

ISIQ/SNOD
d0yd /TONV
do¥d /ToNY
ISIA/SNOD

TYVd
ANTT HdAL

AT
ISIQ/SNOD
doud /ToNY
d0¥d /TONY
ISIQ/SN0D

TIVd
ENTT EdAL

ATYd
THVd
ENTT 8HdAL

T°XH °ON °d0odd

¢ g ID
T 49 ¥d49
STV

¢ &g *ID

Jde° L4 8Dud *'ID

T

T1-2 WOWEHIVIA
T-T WVEE4VId
*Ig °5hyg 1D

T I8 ddad
SV

g ‘48 1D

3d2° 49 °8oud *1ID

T

T-2 WOVHHJVIA
T-T WOVEHAVIA
*Id °sbad*Id

T *I9 ¥ddd
STV

e 4 *ID
T *dg adad
ST VHEY

H8E 9181
0S6L°HEQ
) S

G684 0281

29€L° 0egt

0h9€° 9281

2206 °2£9T

7095 *8£QT

1000 6EQT
X

$L66°gegT

2T * 6297

SgnOHEST

L9gT * ongt

71896° 97gT

w180 * LngT
X

hQLn " EEQT
6£96°14QT
X

06LT° 066
06LT°0tS
X

06LT* 065

OTOL* 685

HO9E°TLS

H9GE TGS

0€19°TES

06LT°0ES
X

06LT"° 065

OTOL* 685

¥ AR Y X4

EHTL-€6G

0€19°1ES

06L1°0£S
X

6516° 065
06LT°0€S
X

0°00-00~-gT
6*10-L0-9T
TIDNV

INTTHELNHED O¥V

7602 ¢
Hhs02*h
dd OL Ia

€°62-96-2L- 0go%°g
0°00~00-0 0°0
0°00-00-06 T1gE0°Q
0°00-00-06 TQE0°Q
0°00~00-0 0°0
€62-94-8gL- 0808
TIONY dd oI Ia

g Wvad vId
€63-96-2L- 0976 °H
0°00-00-0 0*0
0°00-00-06 0°0
0°00-00-06 0°0
0°00-00-0 0°0
€628-96-2L- 648661
FIONY dd OFL Ia

vV Wyad VId
0°00~00~0 0°0
2 TE-g6-61 0°0
TIDNY dd oI Id

ot9L 29
0°0

dd OL I 'TW OL Ja

0000° 0~
0000° 0~

 ENIT *DNOI

T19L°29
1192°29
69Lo° €Y
6141 22
0006°T
0'0

49 OL Id TW OL Id

0000°
3266°€
TT6L°€
TI6L° €
GaToO Y
gono

€ ENIT °HNOI

T19L°29 0000°*2T
1192°29 6866°11
OEHG Gh  Té88° 1T
1gT9°he 1628 TT
0006°T oh60° 2T
0°0 el ARAN
I9d OF Id TW OL Id
2 dNIT *HNOI
£6T16°€9  000G°9T
0°0 0005 °9T

g OL & TW Ob &

DNTIIVY &I DI T ENIT °DNOI

#DATEY NVdS OML 40 NVdS ISHIA

Ad¥d
Tavd
Jd AL

0005 22L
655 TeL
NOLLVATTH

Gog9*zal
lalg el

ggle-zel .

ggoo°2el
En9l 13l
TEqL T2L
NOILVATIH

6THO" €2l
heo €2l
Loll-2zgl
ghon eel
HEET 22l
w2t eel
NOIIVATIH

9510 wEl
otlotel
NOILVAHTH

g °dd *ID 0°00-00-g1
T *I9 ¥dd9 G°T0-L0-9T

SIMVWEY

HIONV MDIS

VIVA LNHE

VOV ZNdIN0 T NVdS

0*00+02
09€e2° LE+6T
NOILVIS

2E0L°g6+61
EH02° g6+6T
9660°6L+6T
H9LT * g4+61
LL9G" LE+6T
TTLO"9E+6T
NOILVIS

9971 ° 96+61
8629° G6+61
6810 6L+61
T022° g4+61
6one° GE+6T
996.L°€€+6T
NOLIVIS

0981 * S6+6T
LOTS " BE+6T
NOILVIS

0°00+02

09¢€e" LE+6T

NOILWVIS

e
T

2
24

ENTI-4&

L B e B+ VI 4 0 - S 4 ¥

JNTT

o B B VI A a TP g e ¥

e
T

MEHEHEBEHM

'
&

AEHHEBKBM
- 138 -

g
g

ANI'I-d

e
T

v
24

*ON °dd



Addd
THVd
ANTI FdXL

ATNd
ISIA/SN0D
doud /1oNv
doud /TONY
ISIQ/SNoD

Tavd
ANTT FdAL

ATId
ISIQ/SN0D
d04d /TDNY
do¥d /TONY
ISIA/SNOD

T9vd
ANTT HdAL

o

¢ *Id *ID
T °d9 44449
SHIVHEY

2 g I

Jd2*dd *shud *'ID

T

T-2 WOVHHAVIA
T-T WOWHAVIA
‘&g *Shud 1o

T *df ddAd
S VWY

& *dd 1D

Jde 44 *soad 10

T

T-& WOWIHAVIA
T-T WOVHHAVIA

*Ig *SDYd*ID

T °d4d ¥4ddd
SHYVHET

2282 66.LT
QET9" LTQT
X

H29L* €081

T606° €081

6186 0TgT

T€STLIgT

geEL1aeT

gelr-2egt
X

gLLT 2TQT

Ghet 21gt

29L9° 918t

ENTQ-negt

LghT 0EgT

L8986 0£g8T
b3

Loot* 685
06LT*0£S
X

06LT* 065

OT0L*68S

€T479° 994

€LE9 9ng

OET9°1€S

06LT°0€S
X

06L1° 064

0TO0L" 685

#T00° 695

1L66°ghs

OE£T9°TES

06LT°0€S
X

0°00-00-0 LG n
T*Th-GT-9T G6GG6° %
TIONY dd oI Id
ONITTIVE °*I¥ 9DIY

€ 62-96-3L- #4IH°Q
0°00-00-0 0°0
0°00-00-06  &%H0°Q
0°00~00~06 25t0°Q
€°00-00-0 0°0
€62-96-2L- H49IH°Q
TTONY dd oL Ia
d wvag VvId
£€+62-96-2Ll- €£902°%
0°00-00-0 0°0
0°00-00-06 0°0
0°00-00-06 0°0
0°00-00-0 0°0
£62-95-8L- £902°'%
TTONY dd 0L Ia

8966°19
0°0

T19L°29
Ti92°29
gonT ge
Lete Lt
0005°T
0°0

48 Ol 4d TN OL JId

0006 ° 9T~ TGl 22l
000S°9T- *THIg T2L
I9 OL Id 'TW OL Id NOILVATIH
L HNIT °DNOI

0000° 2T~
2600° 2T~
gsée er-
ggée et~
Lewt et~
L AREAR

9 ENIT *ONOI

T19L°29
T192°29
6809° Of
g9 6T
0006 T
0°0

0000° 7~
Gg00° -
hose -
L {0 T-AR
8E90" 1=
90®O" {1~

dd OL & ‘IW OL JIA4
OWvdd VId § ENTI °DNOI

6gs6°1eL
6056° T2l
w2ls 12l
Gqose 18l
6920°128L
€600°12L
NOLIVAHTIH

G61E 22l
9T1E 22l
onlé 18l
6669 12l
HG6E T2l
THiE T2l
NOILLVAFIZ

£hQs *HO+02
TLHO SH+6T
NOIZVIS

0626° £0+02
6Tt £0+08
ToNT  6L+6T
6.80°Q4+61
LTL2 en+61
229L° on+61
NOILVIS

920€° T0+02
9T08" 00+02
LEOT 6L+6T
£2ET°g6+6T
2606°6£+6T
2901 " gE+61
NOLIVIS

c d
T €
ANTT~E
e 4
&
€ I
c 4
T &
T g
ANTI-L
g €
&
€ @
e &
T &
T €
ENTI-L

- 139 -



HELLOD *Id

@IOHD ENTTHHLNED
YALLAD 4T
ONTIIW °“J4¥

a Wvad

O WviEd
INTTHHLNED

g Wy

V Wvad

ONTIIW °*JT

SR VN

%OOOOOOO o e B

0°0
0°0
00
0°0
0°0
0°0
0°0
0°0
0°0
0°0

AN

0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
0°0
X /¥ /¥l

0°0
0°0
0°0
0°0
0°0
0°0
0°0
0'0
0°0
0°0

X /°vIs

SHNTT TVNIANLIDNOI

0000 K1~
0°0
000011
000§ " 2=
0000 gt~
0000" 1=
0°0
0000° %
0000°e1
000§°2

™/ ¥a

E@O\O\OO\O\‘QIOOO

g
o
=

z

odv
@4o
o¥v
o
qId
g1d
odav

g1d
HId

=

AN SN \O N~ O

3
&

- lho -



0000000000000 00C000TOO0OTOOT
000000000000C000000TOOTOOT
000000000000 000000TOOTOOT
0000000000000 00000TOO0TOOT

SdI¥S ANIT TYNIANLIDNOI

0000000000000000000O0
0000000000000000000
SdTIS ENIT TYNIGNLIONOT

€ °Ig9 *ShME°ID
©-¢ WOVHHAVIQA
2-T WOVHHAVIA
Hve Jdd°Sode *ID
SV
VLV ENITI-L

£ °I¥ ¥dadg

S VI
Vivd LNEY

0 0 0°0 6 0000S°T- vV ISIA/TYVd f
0 O 0°0 -0 =06 9 000§°92- VvV ISIQ/IDNV €
0 0 0°0 =0 =06 2 0005°52 g ISIQ/IDNV 2
0 0 0°0 6 0005°0 g ISIq/THvd T
0 ™ 9 XxX/d/a/s/vY T X/d/a/N/S d HAOO ANIT °*ON
0000° 59 0°0 -0 -0 0°0 AT € TV
0°0 0°0 -0 -0 0°0 HWYS 0 €
*WHON/*VIS  HIODNY MiIS  NOILVIS HdXL *ON D

HOATYd NVdS OML JO0 NVdS QNODIES  [ISVI SENII-L
VIVQ LOANI 2 NVdS

- 141 -



AT € *I9 ¥dad
WVS g *Ig 10
ANTT EdAL SV
ATHd € 19 ¥dJd
ISIC/19vd € °*Id *SDYE°TO
ISIQ/IONV  2-2 WDVIEAVIA
ISIQ/TIONY  2-T WOVHHJVIA
ISIQ/T¥Vd Hv2°Lld°*SHyd 10
WNVS 2 *Ig 10
HAAL S VWEY
AT € 19 ¥9dd4d
ISIQ/T4vd € °Ig °*SDHHE*ID
ISIQ/IONY  2-2 WOVHHIVIA
ISIQ/TONY  2-T WOVMHAVIA
ISIQ/T8vd HVE"Ig°SH¥E 10
VS g *1g *Id
ENTT EdAL SHMYWAY
AT € *Ig ¥ddd
WVS 2 18 *Id
ANTT EdAL S VW

T°Xd °ON °*g0ud

0€96° €6.LT

THRE 918t
X

£QoT Q6LT

6LG9 g6l

7020° GO8T

89T £TQT

q9gh " 0egt

6695 ° 0281
X

#9LG *908T

6690° LogT

EhEG 2TgT

£289° 0281

GhEQ" g2t

6L66° 828t
X

6815 TTQT
helh EEQT
x

06LT*GGO
06LT° 066
X

06LT° 559

OT9L* €59

LTE-S€9

€E69°TT9

L159° 065

06.LT* 065
X

06L1°659

0T9L° €69

G906° LE9

2682 719

LT€9° 066

06L1° 064
X

06LT° 659
65176 ° 064

Eeon-£0-02
0°00-00-gT
TIONV

7502 N
he02*H
dd OL Ia

INTTHHINGD O¥V

8°90-85-0L- 080%°Q
8°90-85-0L- 080O%°8
0°00-00=06  Hgh6°L
0°00-00-06  Hgh6°L
8°90-85-0L- 08OY°Q
8°90-85-0L- 0gON°Q
TIONY dd oI Id
4 Wvad €Id
§°90-gS-0L- &Gen6°h
8°90-95-0L- 0°0
0°00-00-06 0°0
0°* 00-00-06 0°0
8°90-84¢+0L- 0°0
8°90-84-0L- 09hSG"t
TIONY dd OL Ia
YV Wyad 9Id
71°TO-£6-6T 0°0
0°00~00-0 0°0
FTIONV dd oL Id

DNTIIWV °*J1 DI

AT
HAVS
HdXL

T129L°99
0*o

49 OL &d THW OL 4d

t ENTT °*DNOT

€85L°99
XS TAYE
qGnl: Ln
€gsl 2z
000$°0

0°0

I 0L 4@ TH OL Ia

€ ENIT *HNOI

€06l g9
£€gse L9
2Lgh* 08
0006° 62
0006°0

0°0

dd OL 4@ TH OL I

¢ JNIT °DNOI

9988° L9
0°0

Id OL Id W OL La

T ENIT °*DNOT

SV

0000°0- HIEG €8l Te9l:go+02
0000°0-  000§°22L 0°00+02
NOIILVATTIH NOILVIS
L0G6° € wlol €2l  H2e€* Lo+02
H6e6° € L€gocel  Lgeg go+oe
Leol € goge*c€al  6235E°on+02
20TL € lgo0*c2l  6E€TH°12+02
Lo6G6 € glgg*eel 1202 66+6T
0000° G0g9°2el  2E0L°g6+6T
NOIIVATTH NOILVIS
gese 1T  9660°h2l  L19h°H9+02
g6eg TT  Tofo'hel TTL6°29+02
6169°TT  TLLL°E2L  EE0OE°On+02
HQG9*TT  6hOW €2l  Glon 12+02
TO66°TIT  6@h0°€a8l  ©€29°96+6T
0000°2T 6THO°E€2L 9981 °96+6T
NOIIVATIZ NOIIVIS
0006°9T 2620°¢8L TT6lL*29+02
. 000G°9T 96TO°tel  09gh*G6+6T
NOIIVATIH NOIIVIS
€ °19 ¥ddd €*9%-£0-02 12S9L°g9+02
3 *I4d *I0 0°00-00-9T 0°00+02
TIONY MIIS NOIIVIS
VIV INHE

TOAI¥YE NVAS OML JO NVdS QNODIS  ViIVA [LALLNC € NVdS

€ €
c g
dNTI-L

ENF‘NM‘#M
M BB BB M

II-0L

A~y F N
BB BB M

(23]

ENTTI~L

€ d
c 4
INTT-&L

£ v
g d
*ON *ad

- 142 -




AMd

dNIT HJAL

ATd
1SIa/Tavd
ISIA/TONY
ISIQ/TONY

ISIqQ/Tavd
TWYS

INTT FdAL

AT
ISIq/Tevd
ISIQ/TONY
ISIA/TONY
ISIa/Tuvd

WVYS
ANTT EdAL

€ 19 ¥dad
e “I€g *ID
SHYVWTH

£ *I9 ¥ddg

€ 19 °“SH¥d°ID
&~¢ WOVYHIVIA
-1 WOVHHJIVIA
Hve*Jd°8Ddd *'ID

g °dd *ID
SHE VWIS

€ °I9 ¥ddd

€ 1€ °SHYE"I0
Z-¢ ROVHHJVIA
S-T WOVHHJAVIA
Hvy2* L9 °Sbud "1D

2 4 1D
S VN

898€ * 9LLT
e28e" 66LT
X

STHETRLT

£0EQ 1Lt

Geg66glt

GOET " Q6.LT

£666° £08T

H29L°£08T
X

996.L°69LT

gcH2* 06LT

T1€06° L6LT

T149° 6081

ghT0°2TIgT

QLLT 218t
X

06.LT° G659
Lootr* 684
X

06LT* 659

OT9L° €469

qlzT 089

T905° 909

L169°06%

06LT 064
X

06L1°659

0T9L°£69

912L°2£9

£00T* 609

L169° 064

06LT " 068
X

2 En-HT-02 HHS6°K
0°00-00-0 ELnG n
TIDNY dd 0L Ia
DNTIIVY °I¥ DIY
9°90-86~0L- #&TI®°Q
8°90-85-0L~ HSTIH°Q
0°00-00-06  §6G6°L
0°00-00-06  GGG6°.
8°90-85-0L- %STh°Q
8°90-g5-0L- HSTH'Q
TIONY dd 0L Id
a Wvag ¢€Id
8°90-96-0L- £€902°'1
8°90~-85-0L~ 0°0
0°00~-00-06 0°0
0°00-00-06 0'0
8°90-85~-0L~ 0°0
8°90-86-0L- €£9028°%
HTIONY dd 0L I

6259°69
0°0

0006° 9T~
000§ 91~

Jdd OL 40 TW OL Id
L ENIT °9HNOT

£96L°g9
£g6e° Lo
ggge eh
grlelt
000§°0
0°0

6068°1T-
Logg t1-
AR AR
gobtr eI~
6,002t~
0000° 2T~

Ig 0L I ™ OL Ia
9 ENIT °*DNOT

£86.L°99
£gse° Lo
G800 SH
€610 02
0006 °0

0°0

GOG6° €~
1gL6°€~
gheh-
9ihe K-
9800° 1~
0000 i~

dd OL Jd 'IHW OL Id
O Wyad €Id & 3NTI °*HNOI

x090Q°£3L
xtasl 2zl
NOILVATIH

ghoo° €2l
108622l
998622l
Leoz* 22l
0996° T2l
6956° T2l
NOILYAHTH

9G5E°€3L
Ltee-cal
9g€g6° 22l
£g09°22L
g99zE 2l
G61E 28l
NOIIVATIH

Q" fiL+02
EHQS *H0+02
NOILVIS

06TT"£L+02
6609°TL+02
2EGH " on+02
g50e Te+0e
T8en " 10+02
05e6°£0+02
NOILVIS

0802*0L+02
260L° go+02
geot *of+0eS
Q64E Te+02
¢eog 10+02
920E *T0+02
NOIL VIS

NH NN T
BH B EH B M

g
NI~




Example Number Two

Exemple 2 is & three-span bridge located on & tengent and 2° curve. Note
that Span 1 is located entirely on a tangent; that Span 2 is located on the
tangent and curve; and, that Span 3 is located entirely in the curve.

The ILimiting Stations are chosen as 33+95 and 36+30. The P.C. Station is
selected as the Station of Reference Point, and a Reference Angle of 45° is
arbitrarily used. A value of 3,000 1s assigned to the Reference Distance since
the tangent portion will be defined a&s Curve No. 2. The 2° curve will be defined
as Curve No. 3. Therefore, Curve No. 1 will not exist. The Vertical Curve Data
is shown in the sketch.

In this problem, assume that the curb and railing lines are of no concern.
Therefore, only one lane of superelevation is required to represent the bridge
roadway. Since at least three lanes must be defined, lanes 1 and 3 will be
given a zero width. Ilane 2 will be the roadway surface. The informetion re-
quired to define the lanes, and the superelevation transition, are given in
the sketch of this example.

All beams (L) are placed on chords of concentric circles. The mainline
arc is defined as & longitudinal line for use &as a reference line and will be
skipped in the output data. Note that if the distance measured along the bent
lines from the mainline to the beams is desired in the output deta, this longi-
tudinal line should not be skipped.

The centerline-of-bearings and construction Joints in each span are defined
as T-Lines. The construction joint in Spen 1 is located at mid-span. The con-
struction Joint in Span 2 is located &t mid-span along the mainline and parallel
to the adjacent bents. And, the construction joint in Span 3 is located on a
line that connects the mid-points of the exterior beams.

The purpose of this problem is to compute the following datsa.

1. Finished grade elevaetions &t centerline-of-bearings and construction
Jjoints.

2. Iength of beam chords.
3. Position of construction Joints along each beam.
L, Distances between beams along bent lines.

Note that the P.C. Station (35+OO) is actuslly the P.C. Station of Curve No. 3
(2° curve) and, therefore, the P.T. Station of Curve No. 2 (tangent).
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Example Number Three

Example 3 is a two-span bridge that is located on a tangent and 39 curve.
Span 2 is located entirely within the curve, whereas Span 1 occupies a portion
of the curve and tangent. The Limiting Stations are chosen as 19+00 and 21+50.
The Station of Reference Point is selected as the P.C. Station, and a Reference
Angle of 90° is used in order to place the tangent parallel to the X-axis.
Therefore, a portion of Span 1 will be placed in the second quadrant. Placing
a bridge or portion of a bridge outside the first quadrant is not recommended;
however, this program solution will be valid. In this example & working line
is set up parallel to the tangent. The offset distance from the working line
to any intersection point given in the output cen be computed conveniently by
subtracting a constant (Redius of 3° curve plus four) from the Y-Coordinate of
the intersection point. And,the distance along the working line from the P.C.
Station to the intersection point will be equal to the X-Coordinate of the
point of intersection. The 3o curve will be defined as Curve No. 2, and the
tangent will be defined as Curve No. 1. Curve No. 3 will not exist. Note
that the Distance to Reference Point is not required since Curve No. 2 is
- actually a circular curve.

In this example, it is assumed that the elevations are of no concern.
Therefore, all Grade Data is assigned a value of zero, and the roadway crown
is defined as level.

The left side of the bridge (looking ahead) is in & taper throughout the
entire length of the bridge. In the tangent portion the gutter will be a
Straight Taper, and in the curve the gutter will conform to & Curve Taper
(Spiral). The railing line is always at a constant distance from the gutter
line. The right gutter line in the tengent portion is parallel to the main-
line. However, in the curve portion the right gutter is & curve with & radius
of 1,500 feet and will be defined as & curve offset.

In this example, the gutter and railing lines must be defined twice, i.e.,
defined for the tangent portion and again for the curve portion. The longitudi-
nal lines defined for the curve portion of the bridge will be skipped in the tan-
gent portion of the bridge, and vice versea. Note that if finished grade eleva-
tions were being computed, the elevations in the shaded portion (varying width)
and/or on the curbs would have to be adjusted depending on the width assigned
to the lasne of superelevation that represents the roadway.

The line separating the tangent and curve (P.C. Station) will be defined
as & T-Line in Span 1. (An alternate way to set this problem up is to divide
Spen 1 into two spans with the radial line at the P.C. Station as a bent line.
Then define two sets of longitudinal lines.) No beams or additional T-Lines
are given in this exemple. The purpose of the example is to compute the data
necessary to define the curbs and railing in relation to a working line, and
the lengths along the railing lines.
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Example Number Four

Exemple 4 is & three-span (continuous unit) bridge that is located on &
tangent. The bridge is placed parallel to the Y-axis by using a Reference
Angle equal to zero. The Reference Point Station is chosen as 25+00 in order
to place the entire bridge in the first quadrant. The Limiting Stations are
selected as 22+00 and 25+00. The meinline is placed at a distance of 1,000
feet from the Y-axis by the Reference Distance. The tangent is defined as
Curve No. 2 with a zero degree-of-curvature. Note that the bridge is in a
portion of two vertical curves. The Grade Data and parabolic crown dimensions
are given in the sketch of this example.

The centerline beam (B) is defined by coordinates since the coordinates
are readily known. This definition by coordinates is for illustration only,
since this beam could have been defined more conveniently as & Chord or Arc.
Beams A and C are defined as PARallel to Beam B. These beams could also have
been defined as Chords or Arcs.

The purpose of this example is to compute the elevations at the centerline-
of-bearings of the end bents and splice points of the beams in order to compute
the slopes of the beam segments and top of beam elevations. The entire bridge
is set up as one spen, and the centerline-of-bearings and splice points are
defined as T-Lines within that span. All the bent lines will be skipped. For
the purpose of illustration, the centerline-of-bearing of Bent 4 is defined by
coordinates.

Bents 2 and 3 asnd all splice points are parallel to Bent 1l. Bent 4 is
perpendicular to the mainline, i.e., & Skew Angle equal to zero.

The coordinates of the intersection points that will be given in the Spen

Output Data have been computed beforehand and entered as Coordinate Type Input.
This is done in order to illustrate the usage of the Coordinate Type-Input.
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VII. OPERATING PROCEDURE

The State Highway Department of Georgie has in operation at the present

time (August, 1968) an IBM 360 Model 30 Computer System with 65 thousand core
storage positions. This System is to be replaeced by & Model 50 IBM 360 with
262 thousand core storage positions in January of 1969.

The "Skewed Bridge" computer progrem has been compiled, tested, and is

currently being run on our present computer system using the Disk Operating
System (DOS), Release 13.

COMPATIBILITY

The "Skewed Bridge" computer program is written in Basic Fortran IV pro-

gramming lengusge primarily to obtain computer independency. However, there
are two features of the program which may not be compatible with other computer
systems, and following is a discussion of each.

1.

Alphsbetic Constants.,

One, three, and four character alphabetic constants are used by the
program to check the various codes that are used in the input data. These
alphabetic cheracters are defined by their integer binary equivalent. The
integer equivalents are assigned by program statements (instructions). If
this program is compiled on a computer system other than an IEM 360, the
procedure would be to change, if required, the integer equivalent of the
alphabetic characters. This should require only & few minutes. Following
is a list of the characters in the order that they are defined in the
program,

1, 2, 3, 4, 5,6, 7, 8 9, %, A, B, C, T, LVL, PAR, CRD, ARC, RIG,
PIA, PIB, COR, STP, CTP, COS, END, YES, CONT, CONS, STAR, blenk,
FINI, SPAN, COOR, IAST, PARL, SKEW, PSTA, SAME, PREV, ANGL, PTPT,
DIST, PROP, NORM

Double Precision.

All floating-point computations are done using the long (double pre-
cision) form of floasting-point data representation. Constants are defined
at the beginning of the progrem, and used in the program, by using the "D"
code, which indicates double precision data. This form of data representa-
tion may have to be revised or altered when compiling on & computer system
other than an IBM 360.

Except in the case of the aforementioned features, this program should be

computer independent, both in terms of models and manufacturers. However, low
core capacity and the unavailability of & Fortran IV compiler would naturally
limit the use of the program.
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COMPILING THE PROGRAM

The "Skewed Bridge" computer program, which is written in Basic Fortran
IV programming language, is divided into two parts: & Mainline program which
is referred to as Phase I, and & Subroutine which is referred to as Phase II.
This division was necessitated by the 500 statement number limitation of the
Fortran IV computer (COS Release 13). The Mainline or Phase I program CALLS
the Subroutine or Phase II portion of the program.

The core storage requirements are approximately 58,000 positions (bytes)
which does not include any supervisor program. This cepacity plus the super-
visor require almost the entire core storage of a 65k computer. If the program
is going to be used on & computer system with less than 65k core storage, the
program could be divided into individual program pheses. Then, a master pro-
gram could be written to call end overlay the different phases as required by
the computations. If the computer system has & sufficiently large core storage
capacity, the compilation process will consist simply of compiling the Mainline
(PH. I) and Subroutine (PH. II), linkage-editing, and cataloging the program
into the systems library (core image and/or relocatable) with an appropriate
name. Following is the sequence of the Control Cards and source decks that
is used when compiling, linkage-editing, and cataloging (core image library)
the program under the Disk Operating System.

// JOB SKEWBR
// OPTION CATAL
PHASE SKEWER,*
// EXEC FORTRAN
Source Deck (PH. I)
/*
// EXEC FORTRAN
Source Deck (PH. II)
/*
// EXEC INKEDT

/&

Note that the name "SKEWBR" has been chosen for the program; however, the
name assigned to the program is immateriel. The name of the program is left
to the user's prerogative.

- 18k -




KEY-PUNCH INSTRUCTIONS

The input data will consist of several input sheets per problem with each
line of the input data sheets representing & card. The numbers of the card
columns are given in the headings of the various types of input lines for
reference during and after punching. Note that the position of the decimal
that is shown on the input form does not occupy & card column and should not
be punched. However, on occasions a decimal will be entered in a card column
and, in this instance, the decimal should be punched. Plus signs (+) are in-
cluded in some of the input data. However, these signs do not occupy & card
column and should not be punched. Care should be taken to prevent the over-
looking of a minus sign (a dash) in the input data fields.

All blank data fields or card columns may be punched as zeros except in
the alphabetic fields. These deta fields are read as alphsbetic characters
and, therefore, a blank or zero would have a significant meaning. In addition,
zeros should not be punched in a data field immediately preceding a minus sign
of that field. In general, the input date should be punched exactly as given
on input data forms. Following are examples of how the input date is most
likely to be entered in the input data fields and how the data fields may be
punched.

Form of input data Key-punched data form

N B B

v;l Lt |r1£!;3K)KDJj - or
tﬁ [T N GROP Y I I

1 l_lll IOIO-OIOIAOI“O\‘

or

Only the lines that contain data entered by hand (data that is not & part
of the green ink of the input data form) should be punched. The input data
should be punched in the same sequence &s given on the input data forms. That
is, the key-punch operator should punch the input data in the same sequence that
it is received. Any exception to this will be clearly noted on the input forms
by the Engineer. On occasions, input data will be entered on the forms between
the input data lines. In this case, punch the data in the sequence given as
if the space between the input lines was another input line.
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COMPUTER OPERATOR INSTRUCTIONS

No instructions on the manual operation of the computer will be given
here. The computer operator is assumed to be fully versed on the computer
operstion. Primarily, this discussion will present the characteristics of
the program which the computer operator is required to know in order to pro-
cess the program. :

The input data (cards) should be received from the key-punch section in
the correct sequence, i.e., there should be no reason to rearrange the sequence
of the input data cards. All input data to the progrem is from punched cards,
and all output from the program. is listed by the printer. No other I/O devices
are used. The program has the ability to process one or several problems re-
quiring only one EXECute Control Card with the first problem, i.e., the program
autometically continues from one problem to another. The output form is auto-
matically skipped by the program before printing the output data of each prob-
lem. The output data will consist of from three to several sheets per problem.
The running time required per problem will very depending on the amount and
type of input data with the average problem requiring approximately one and
one-half minutes. The input data cards should be entered in the card reader
device in the following order:

1. // JOB SKEWBR (Job Control Card)

2. // EXEC SKEWBR (Execute Control Card)

3. Input data for all problems (Input data cards)

k., 9 (™ast Card” Control Card to Program)

5. /* (End of Data Control Card)

6. /& (End of Job Control Card)

All Control Cerds except the "last Card” Control Card are dependent on the
operating system. The Control Cards shown above are for the IBM Disk Operating
System. The "Iast Card" Control Card is used by the program to indicate the
end of the last problem and to transfer control to the Supervisor. This type
of Control Card makes it possible for the program to read out all the remaining
cards of & problem when an error is detected end proceed to the next problem.

The "last Card" Control Card should have a nine (9) in card column one (1) with
&all other card columns left blank.

After completing the processing of all problems, separate the output dets
of the various problems and return the output date along with the input data
forms to the Engineer. The first line of output of each problem will contain:

"SKEWED BRIDGE PROGRAM INPUT DATA PROB. NO. XXXX"
where XXXX is the Problem Number which is given in card columns 2-5 of the

Identification card of the Iayout Date (first sheet of each problem). This
will be of assistance when separating the output deta of the various problems.
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The program has a procedure for checking the validity of the input data,
and will print an error message after detecting an error in the input data.
The error message will be given in the list of the output dete of the problem
in error. After an error the rest of that problem's input data cards are read
out and the program proceeds to the next problem. Actually, the only way the
computer operator will know that an error has been detected is to observe the
output data. '

The procedure after an error message is to first, check the input data
cards of the problem in error for key-punch errors, and second, check the
sequence of the input data cards. If the input datae cards are found to be
punched correctly and in the proper sequence, return the output data with the
error message and input data forms to the Engineer; if not, make the appropriate
correction and rerun the problem from the beginning.
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